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Abstract 
Music exhibits remarkable properties in the context of memory. For example, 
memory for melodies is long lasting, persistent, and spared from some forms of 
dementia and severe brain injuries. Over the course of 10 experiments, we here 
attempt to shed light on the question of what makes music ‘special’ by specifically 
investigating interference in memory for melody. Most domains show a decrease in 
recognition performance between the first and second presentation of an object as the 
number of intervening items increases. We tested this cumulative disruptive 
interference effect in the context of memory for melodies, with results showing that 
memory for melodies is not much affected by the number of intervening items. 
Specifically, the probability of correctly recognising a melody was statistically 
identical and above chance between 1 and up to nearly 200 intervening melodies. To 
explain these findings, we provide a new Regenerative-Multiple-Representations 
(RMR) conjecture. The conjecture describes a crucial link between prior experience, 
perception, and subsequent formation of memories. Using the theoretical framework 
of this conjecture, we further explored memory for melodies in a series of 
experiments. In the process, we revealed how to disrupt and shape memory for 
melodies’ resilience to cumulative interference using melodies in an unfamiliar 
tuning system and with pitch-only and rhythm-only sequences. In a final analysis, we 
used memory as a window into perception in more general terms, and analysed data 
from all experiments combined to measure the degree of similarity in listeners’ 
perception of music. The findings of this dissertation contribute to our understanding 
of fundamental memory phenomena, while providing practical implementations and 
elucidating further the mechanisms that explain why music may indeed be ‘special’. 
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Introduction  
	 
  
20 
1.1 Memory 
Memory has rightfully earned its place amongst the most studied subjects of 
cognitive psychology. This is not surprising considering that some form of memory 
is involved in nearly all levels of conscious and unconscious human behaviour 
(Anderson & Bower, 2014; Baddeley, 1997). Memory is not only crucial for any 
form of skill acquisition, but also essential for emotional responses, perception, and 
personality. Indeed, dramatic cases of memory loss show that what others perceive as 
one’s personality is deeply anchored in memory (Baddeley, 2014).  
Memory is a complex, multi-faceted subject. A plethora of memory models 
have been developed and, amongst other things, they commonly differentiate 
between long-term memory, the predominant subject of this dissertation, and short-
term memory (Atkinson & Shiffrin, 1968). Short-term memory refers to durations of 
approximately 18 to 30 seconds (Peterson & Peterson, 1959; Posner, 1966). Long-
term memory roughly describes anything beyond 30 seconds (Shiffrin & Atkinson, 
1969) (but also see Cowan (2008) for a more functional definition). Furthermore, 
memory retrieval, the process of accessing a stored memory representation, can 
broadly be divided into recall and recognition (Cabeza et al., 1997). Recall describes 
retrieval of previously encountered stimuli; for example, the answer to the question, 
‘what did you have for breakfast?’. Recognition describes the skill of differentiating 
between new and previously encountered stimuli. Hearing a song on the radio and 
immediately knowing that you have heard this song before is one example of 
recognition. It is recognition that is the particular focus of this dissertation.  
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1.1.1 Recognition Paradigms 
In tests of recognition, participants are usually asked to judge whether or not 
an item presented in a test phase was present in a preceding learning phase (e.g., 
Shepard, 1967). Responses are usually given by simply indicating ‘Yes/No’ or 
‘Old/New’ (Finnigan, Humphreys, Dennis, & Geffen, 2002).  
A blocked paradigm where a learning phase precedes a test phase is perhaps 
the most common experimental design used to test recognition performance (e.g., 
McAuley, Stevens, & Humphreys, 2004; Morrison, Demorest, Aylward, Cramer, & 
Maravilla, 2003; Müllensiefen & Halpern, 2014; Schaal, Javadi, Halpern, Pollok, & 
Banissy, 2015; Yonelinas, Kroll, Dobbins, & Soltani, 1999). This design has 
advantages, such as tight experimental control in research that aims to isolate 
encoding and retrieval processes. For example, some cases of neuroimaging or brain 
stimulation may require grouping of trials that involve similar neurological 
processes. 
However, blocked designs also come with disadvantages. In a blocked 
design, participants are able to distinguish a test trial from a learning trial. This 
means that participants know that they only have to remember items presented in the 
learning phase, rather than items presented in the test phase. This information could 
lead to different processing of items in learning and test phases. Participants 
concentrate on learning during the learning phase and on recognition during the test 
phase. When investigating recognition in such a design, effectively only test trials 
can be used for statistical analysis. A blocked paradigm is also somewhat different to 
the everyday continuous use of recognition, where we often do not know exactly 
when it is important to focus on recognition or on learning.  
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A continuous recognition paradigm presents a solution to the problem of 
participants being capable to distinguish a test trial from a learning trial (Shepard & 
Teghtsoonian, 1961). Stimuli are presented continuously and sometimes an item 
repeats. After each trial, participants are required to respond whether or not the item 
was previously presented. As a result, participants perform the same task on every 
trial. All experiments reported in this dissertation use a continuous recognition 
paradigm to ensure that participants cannot distinguish a test trial from a learning 
trial (Dowling, 1991). A continuous recognition paradigm is also very useful to 
investigate disruptive effects of interference and decay on recognition memory that 
can ultimately lead to forgetting (Berman, Friedman, & Cramer, 1991; Campeanu, 
Craik, Backer, & Alain, 2014; Ferris, Crook, Clark, Mccarthy, & Rae, 1980; 
Friedman, 1990b; Hockley, 1992; Sadeh, Ozubko, Winocur, & Moscovitch, 2014). 
 
1.1.2 Forgetting: Interference and Decay 
Sometimes memory fails: a colleague’s name eludes us or we miss the 
birthday of a family member. Forgetting broadly describes the process that leads to 
some memories becoming inaccessible or distorted; it is a common, but not 
necessarily negative process (Eysenck & Keane, 2015, pp. 242-256). There are some 
factors that facilitate forgetting. Two of the most important factors are decay and 
interference. Decay describes fading of memory representations due to the passing of 
time. The more time that has passed, the harder it is to access a memory. Interference 
describes a continuous decrease in memory performance, not because of the passing 
of time, but from the additional information that is learned after or even before the 
encoding of a stimulus into memory. For example, it is relatively easy to recognise a 
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name on a guest list when the person has just introduced themselves. However, after 
being introduced to 60 people over the course of an evening, it can be quite hard to 
accurately recognise which name has previously been encountered. The present 
project predominantly investigates memory in the framework of recognition and 
interference. 
Interference. Research investigating interference and recognition usually 
produces results like those shown in Figure 1.1. The x-axis represents the number of 
intervening items and the y-axis represents some form of recognition performance. 
Typically, as the number of intervening items increases, the cumulative disruptive 
effect resulting in a decrease in recognition performance also increases. These 
findings are very common for most stimuli (Bui, Maddox, Zou, & Hale, 2014; 
Donaldson & Murdock, 1968; Hockley, 1992; Konkle, Brady, Alvarez, & Oliva, 
2010; Nickerson, 1965; Olson, 1969; Poon & Fozard, 1980; Rakover & Cahlon, 
2001; Sachs, 1967; Sadeh et al., 2014). However, this dissertation will demonstrate 
that this phenomenon is not universal. 
 
Figure 1.1: Schematic representation of traditional inference curves. The exact functions may vary; 
however generally, memory performance decreases as the number of intervening items increases.  
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1.1.3 The Stimulus Specificity of Memory 
As mentioned above, memory is a complex and multi-faceted subject. One 
reason for this is the stimulus specificity of memory. For example, research on face 
perception has identified the fusiform face area within the brain as specialized region 
involved in storing and comparing faces (Kanwisher & Yovel, 2006). This means 
that memory phenomena observed within a specific stimulus domain are not 
necessarily true for other stimuli. For instance, a series of experiments suggest that 
memory for prose declines over time (Sachs, 1967), but the mere passing of time 
may have only minimal disruptive effects on memory for poetry (Tillmann & 
Dowling, 2007).  
In the study by Tillmann and Dowling (2007), participants listened to short 
prose stories or poems. After a retention interval of up to ~29 sec, one of three 
possible test items were presented. The test item could be an identical repetition of a 
part of the story or poem. Alternatively, the test item could be only semantically 
identical, but come with surface changes such as a paraphrased form of the original 
sentence. A third option was an item that was semantically different. Participants 
were asked to judge whether each subsequent test item had been presented before. 
Results indicate that in general, discrimination performance between identical and 
only semantically identical versions of an item declines over time. Interestingly, 
discrimination performance between identical and paraphrased versions only 
declined in prose, but not in poetry. To interpret these results, Tillmann and Dowling 
(2007) offer an interesting explanation: multiple features of a stimulus may be bound 
together in memory as a coherent whole, and prose and poetry might use different 
weighting during the binding process because poetry emphasises different perceptual 
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features compared to prose (e.g., rhythm) (also see Kroll, Knight, Metcalfe, Wolf, 
and Tulving, 1996, for support that the hippocampus might play a crucial role in the 
binding of underlying perceptual components). This explanation is explored in 
greater detail in this dissertation and ultimately, is combined with other findings in 
the literature to form the basis of a novel Regenerative Multiple Representations 
(RMR) conjecture that is presented in Chapter 2  
Memory’s stimulus specificity poses a challenge and an opportunity alike. On 
the one hand, findings using a specific kind of stimulus cannot be generalised to 
other domains. For example, pictures are differently processed by the brain 
compared to words (Erdelyi & Becker, 1974). On the other hand, similarities and 
dissimilarities in the way memory treats different kinds of stimuli can tell us a lot 
about memory in general. For example, research on picture memory has revealed 
interesting phenomena such as change blindness (Simons & Levin, 1997), a 
phenomenon in which observers fail to notice changes in a visual scene (for example 
due to flickering), which greatly informs our knowledge of human perception. 
A study reported in Isola, Xiao, Torralba, and Olivia (2011) shows that 
memorability of a visual picture is a stable property across human observers. This 
means that pictures that are more memorable for one person are also most likely 
more memorable for another person. However, the features used in that particular 
study were specific to the visual domain and are not applicable to other domains such 
as audition. The auditory domain, however, is worth investigating. In particular, 
music is a stimulus that shows intriguing findings in the context of memory. In this 
dissertation, Chapter 5 reports a series of experiments that addresses the stability of 
memory in the context of music.  
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1.1.4 Memory for Music 
Music is a cultural universal and a culture without music has yet to be found 
(Cross, 1999, 2001, 2014). In terms of memory, everyone is acquainted with the 
feeling of a melody being “stuck” in one’s ear. Involuntary music imagery (e.g., 
earworms) is a common example of how long lasting and persistent memory for 
music can be (Bailes, 2007, 2015; Halpern & Bartlett, 2011; Williams, 2015). 
Background music can improve learning of new content, and combining simple 
melodies with lyrics (e.g. nursery rhymes) is an efficient way to learn complex 
concepts (Chazin & Neuschatz, 1990; Colley, 2016; Smith, 1985). Remarkably, 
memory for music also seems to be spared by some forms of dementia and severe 
brain injuries (Baird & Samson, 2014; Cuddy & Duffin, 2005; Jacobsen et al., 2015; 
Schulkind, 2009). This is an interesting phenomenon, especially considering that 
dementia is one of the biggest challenges faced by our ageing population. The 
relationship between memory and music is further discussed in Chapter 2  
 
1.2 Aim and Summary 
The present project aims to deepen our understanding of human memory, 
specifically the process of recognition, by investigating a particular domain that has 
previously been shown to yield intriguing memory phenomena: music. Vice versa, 
we aim to shed light on music, a cultural universal, using the psychological 
framework of one of humans’ most cherished cognitive systems: memory. The main 
body of empirical work presented in this dissertation is reported in a series of 
manuscripts either submitted or published in peer-reviewed journals. As a result of 
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this format, there will be a certain degree of repetition. Chapters that include a peer-
reviewed manuscript are indicated throughout. The Human Research Ethics 
Committee of the Western Sydney University approved the present project (H10847, 
the general participant information sheet can be found in Appendix F). 
The empirical work in this dissertation begins by demonstrating in Chapter 2  
that memory for melody behaves very differently compared with most domains when 
long-term interference of recognition is considered. As part of the investigation 
reported in Chapter 2 a novel memory conjecture is developed to explain the 
intriguing memory phenomena in music and provide a theoretical framework for 
further research. The conjecture is introduced in 2.9 and is termed Regenerative 
Multiple Representations (RMR) conjecture. The RMR conjecture makes predictions 
within, but also outside, the domain of music. Some of the predictions within the 
domain of music are tested in Chapter 3 where preliminary support for the RMR 
conjecture is reported in the context of memory for melodies in an unfamiliar tuning 
system.  
 In Chapter 4 we further explore memory for melody by dissecting melodies 
into their pitch and rhythmic sequences. This chapter provides insight into memory 
for two main components of melody. Indeed, results here show that memory for 
pitch sequences and rhythmic sequences both contribute to memory for melody; 
however, they may behave differently to one another in terms of interference. If 
combined, they show some interactions that cannot be explained by the two 
sequences individually. This is also the first experimental investigation in the 
memory and music literature of long-term interference effects in rhythmic 
information.  
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On a more technical note, we implement a novel data-driven approach to 
account for participants’ response tendency shifts during an experiment, described in 
Section 2.4.1. Sometimes, participants change their response behaviour over the 
course of an experiment (Berch, 1976; Donaldson & Murdock, 1968; Snodgrass & 
Corwin, 1988). These shifts in response tendencies are a general problem for 
continuous memory tasks, thus our statistical data-driven approach of accounting for 
them may also be of use for memory research in other domains. We also provide a 
protocol for an in-depth stimulus-selection-procedure used to draw stimuli from a 
large stimulus corpus. The procedure is based on clustering stimuli within a multi-
dimensional feature space as well as perceptual piloting. This stimulus selection 
procedure is described in Section 2.6.1 and Appendix B (p. 250). This stimulus 
selection procedure may also be of use within and outside the domain of music.  
After in-depth investigations of recognition and interference in memory for 
melody, our final analysis in Chapter 5 assumes a broader perspective. Drawing from 
the wealth of data provided by 10 experiments, we investigate the similarity of 
listeners’ music perception by using their recognition response patterns as a window 
into perception. Theoretical as well as practical implications of the results are 
discussed in Chapter 6   
We conclude that indeed, memory for melody does have intriguing properties 
that can be used to inform the domains of music and memory, both individually and 
together. We report that memory for melody shows virtually no cumulative 
disruptive effects on recognition from the number of intervening melodies. We 
replicate this result and extend it to up to ~200 intervening melodies. Interestingly, 
this phenomenon is no longer observed when melodies are presented in unfamiliar 
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tuning systems, rather than familiar tuning systems such as those in the Western 
tonal tradition. When melodies’ individual rhythmic and pitch components are tested, 
we also observe cumulative interference. All of this points to the basic tenets of the 
RMR conjecture, that prior knowledge informs perception, which in turn influences 
subsequent formation of memory representations. The finding of this dissertation 
contributes to our general understanding of memory by demonstrating the stimulus 
specificity of memory as well as offering a conjecture to account for it. The findings 
also shed light on human music perception and will inform computational models 
that aim to predict melodies that are memorable and those that are not. We end with 
some future research directions that follow from the RMR conjecture, as well as 
practical implications. The next sections provide an overview of the general 
approach we used to collect and analyse data.  
 
1.2.1 General Experimental Approach 
Participants. An experimental approach was used to investigate interference 
effects on recognition of musical stimuli. This means we recruied large numbers of 
participants and conducted quantitative statistical analyses of the results. All 
experiments of this dissertation followed a similar experimental protocol. The vast 
majority of the participants were undergraduate students from Western Sydney 
University. We predominantly recruited participants with little musical expertise. 
This is because musical expertise can have substantial influences on music 
perception, as well as memory (M. A. Cohen, Evans, Horowitz, & Wolfe, 2011; 
Halpern & Bower, 1982; Schellenberg & Weiss, 2013). This is generally observed in 
a main-effect of musicians outperforming non-musicians (Bigand & Poulin-
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Charronat, 2006). For example, in Herff and Czernochowski (in press), expert 
musicians vastly outperformed non-musicians in a melody recognition task. When 
attention was divided during a condition that required simultaneous monitoring of 
digits, musicians’ melody recognition performance suffered to a similar extent 
compared to non-musician’s melody recognition performance. However, during the 
divided attention condition the musician’s outperformed non-musicians in the digit-
monitoring task, even though musicians generally do not perform better in such tasks 
in the absence of an additional music perception task (Brandler & Rammsayer, 2003; 
Fernandes & Moscovitch, 2000; Rodrigues, Loureiro, & Caramelli, 2014). 
 
Stimuli. We used monophonic or single line melodies as stimuli throughout. 
Melodies are an essential aspect of almost all music, including non-Western music 
(Corrigall & Trainor, 2014). We are exposed to many melodies on a day-to-day basis 
(Krause, North, & Hewitt, 2014). Often many new melodies are heard before we an 
old one is encountered again. This makes melody recognition a fitting domain to 
investigate recognition and interference in the context of music. Of course, there are 
many other important aspects to music; for example, musical tuning, tonality, or 
polyphony (i.e., multiple notes simultaneously), and this dissertation does indeed 
explore the relationship of tuning system and melody recognition in Chapter 3  
Tonality, polyphony, and many other important aspects of music, however, are 
beyond the scope of this dissertation and will be explored in future research.  
Memory for novel melodies (never heard before an experiment) and familiar 
melodies (heard prior to an experiment) elicit some remarkable differences from 
listeners (McAuley et al., 2004). For example, discrimination between studied and 
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non-studied melodies is significantly better in familiar melodies (Peretz & Gaudreau, 
1998). The present project is a thorough investigation of memory for novel melodies. 
However, replicating the experiments of this dissertation with melodies that are 
familiar to participants has the potential to further elucidate the difference between 
memory for familiar and memory for unfamiliar melodies. 
Experiment 1 (in 2.4) and Experiment 2 (in 2.5) explore novel melodies that 
resemble modern advertisement jingles or themes commonly encountered in movies. 
Experiment 3 (in 2.6) and Experiment 4 (in 2.7) use a sophisticated computational 
procedure to select a representative yet diverse set of melodies from a corpus of 
European folk songs. This procedure is detailed in Appendix B (p. 250). Experiment 
5 (in 3.4) and Experiment 6 (in 3.5) use melodies in a tuning system unfamiliar to 
participants. Experiment 7 (in 3.6) and Experiment 8 (in 4.3) use a different set of 
melodies in a different tuning system, which was also unfamiliar to listeners. 
Experiment 9 (in 4.4) explores memory for pitch-only sequences; that is, using a set 
of melodies where each melody has the same isochronous rhythm. Experiment 10 (in 
4.5) explores memory for rhythm-only sequences; that is, a set of stimuli where each 
note is sounded in the same pitch. These different melody corpora are presented to 
participants using the experimental procedure below. 
 
Experimental procedure. In the 10 experiments of this dissertation, we 
exclusively used a continuous recognition paradigm to investigate recognition and 
interference in the context of memory for melody. Monophonic melodies were 
presented one after another, and participants were required to make some form of 
memory judgement on each trial. The majority of experiments required participants 
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to make recognition judgements. In Experiment 4 (in 2.7) and Experiment 6 (in 3.5), 
however, we asked participants to indicate their perceived familiarity on a computer-
based slider, rather than making a recognition judgement such as Old/New. This 
allowed us to observe recognition and interference in an indirect memory paradigm 
where participants were not informed about the memory nature of the experiment, 
and thus compared the results with the observations in direct recognition paradigms. 
To investigate cumulative disruptive effects from the number of intervening 
items in memory for melody, we manipulated the number of intervening items in 
each experiment. In Experiment 1 (in 2.4) we started with small numbers of 
intervening items (i.e., up to 6). In the subsequent experiments, we investigated up to 
nearly 200 intervening items. Using the same experimental task in almost all 
experiments enabled us to make overarching comparisons between the data of each 
experiment. The results of this analysis are presented in Chapter 5 Below, we 
describe the general statistical approach. 
 
1.2.2 General Statistical Approach 
We predominantly used mixed effects models to investigate the cumulative 
disruptive effects of the number of intervening items on memory for melody. The 
advantage of mixed effects models over more traditional methods such as Analysis 
of Variance (ANOVA) is that mixed effects models take into account crossed 
random effects of subjects and melodies that possess different levels of memorability 
(Baayen, 2008; Baayen, Davidson, & Bates, 2008; Judd, Westfall, & Kenny, 2012; 
Kass & Raftery, 1995; Kruschke, 2010, 2013; Nathoo & Masson, 2016). This is 
important for the present investigation in the context of music because participants 
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show considerably different memory performance, and melodies differ dramatically 
in their memorability (Müllensiefen & Halpern, 2014). The mixed effects models 
were implemented in R (R-Core-Team, 2013) using the lme4 package (Bates, 
Maechler, Bolker, & Walker, 2013).  
To evaluate the models we either reported model comparisons (Kruschke, 
2011; Wilks, 1938) or coefficient p-values of models with maximal random effect 
structure, as justified by each experiment’s design (Barr, Levy, Scheepers, & Tily, 
2013). We used Kenward-Roger approximations (Kenward & Roger, 1997) to adjust 
the degrees of freedom for linear models (Halekoh & Højsgaard, 2014a, 2014b). For 
generalized linear models, p-values as calculated by the lme4 package were reported. 
All models incorporated random intercepts for Participant and Melody.  
 
Accounting for Participants’ Response Biases. Recognition paradigms are 
prone to effects of response biases (Snodgrass & Corwin, 1988). For example, if a 
participant is correct for 80% of the repetition trials (hits) by accurately making an 
‘old’ response, this is not sufficient evidence that the participant was capable of 
accurately recognizing melodies. This is because the participant may have strong 
biases towards pressing the ‘old’ button. This can be revealed by a very high 
percentage of ‘old’ responses toward new melodies (false alarms). Vice versa, if a 
participant only correctly responds ‘old’ to 40% of the melody repetitions, this is not 
sufficient evidence that the participant was incapable of recognizing melodies. This 
is because if this participant accurately rejects all new melodies (0% ‘old’ responses, 
which would be false alarms), then this participant demonstrates successful melody 
recognition. Therefore, both hit rates and false alarm rates should be taken into 
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account in the analysis to deal with this phenomenon of response biases. Here, mixed 
effects models assessed whether overall performance was above chance. This was 
achieved by testing if melody repetition predicted significantly more ‘old’ responses 
than there were false alarms (on first stimulus presentation) while taking random 
participant response biases and melody variation into account. All figures that depict 
recognition performances used bias-corrected hit rates (unless specified otherwise). 
As a result of this transformation, performance at or near zero indicated incapability 
of recognizing the melodies (Snodgrass & Corwin, 1988). 
 
Dynamic Response Tendency shifts. We also incorporated a novel 
procedure to control for shifts of participants’ response biases over the course of an 
experiment. We labelled such shifts dynamic response tendencies shifts and we used 
the same terminology within the following chapters. As discussed above, static 
response biases were captured by the random intercept for participant. However, 
random intercepts cannot capture response tendency shifts. Dynamic response 
tendency shifts occur when participants’ response tendencies shift over the course of 
the experiment. For example, a participant might be very liberal in classifying a 
melody as ‘old’ at the beginning of the experiment, however, as the experiment, 
progresses they become increasingly more conservative. Indeed, response tendency 
shifts are often observed in recognition experiments (Berch, 1976; Donaldson & 
Murdock, 1968) yet rarely accounted for in statistical models. 
Therefore, we modelled response tendencies of each participant in each 
experiment using the participant’s responses on trials that present melodies that have 
not been presented before. We assessed how the participant’s behaviour on the new 
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melody trials changed over the course of the experiment. The dynamic response 
probabilities were then incorporated as a participant-wise Dynamic Response 
Tendency fixed factor in the mixed effects models that predicted actual recognition 
performance on trials that presented melodies that had been presented before. 
Effectively, the procedure provided a dynamic baseline over the course of the 
experiment for each participant. It normalised the probability of producing a correct 
‘old’ response with the base probability of a given participant producing an ‘old’ 
response in general as a result of their response tendency. Details of this procedure 
can be found in Section 2.4.1. We now turn to Chapter 2 which reports the first series 
of four experiments on recognition memory for melody. 
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Chapter 2   
Resilient Memory for Melodies 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 2 has been peer reviewed and accepted for publication: 
Herff, S.A., Olsen, K.N., & Dean, R.T. (2017). Resilient memories for melodies: The number 
of intervening melodies does not influence novel melody recognition. Quarterly 
Journal of Experimental Psychology.  
Note: Kirk N. Olsen and Roger T. Dean are the author’s supervisors.  
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2.1 Abstract 
In many memory domains, a decrease in recognition performance between 
the first and second presentation of an object is observed as the number of 
intervening items increases. However, this effect is not universal. Within the auditory 
domain, this form of interference has been demonstrated in word and single-note 
recognition, but has yet to be substantiated using relatively complex musical material 
such as a melody. Indeed, it is becoming clear that music shows intriguing properties 
when it comes to memory. This study investigated how the number of intervening 
items influences memory for melodies. Melodies were continuously presented, one 
per trial, and after each trial participants indicated whether they had heard the 
melody in the experiment before by responding ‘old’ or ‘new’ (Experiments 1, 2, and 
3). In Experiment 4, participants rated perceived familiarity for every melody 
without being told that melodies reoccur. In four experiments using two corpora of 
music, two different memory tasks, transposed and untransposed melodies, and up to 
195 intervening melodies, no sign of a disruptive effect from the number of 
intervening melodies beyond the first was observed. We propose a new 
‘Regenerative Multiple Representations’ conjecture to explain why intervening items 
increase interference in recognition memory for most domains but not music. This 
conjecture makes several testable predictions and has the potential to strengthen our 
understanding of domain specificity in human memory, while moving one step closer 
to explaining the ‘paradox’ that is memory for melody. 
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2.2 Resilient Memory for Melodies 
The number of intervening melodies does not influence novel melody 
recognition 
 
Fast and accurate recognition of stimuli such as faces, names, smells, phone 
numbers, street signs, book titles, animals, food, and music relies on an important 
interplay between perception and memory. The demand of this difficult day-to-day 
task is exacerbated when we are faced with numerous items of similar nature. In 
human memory, cumulative interference from an increase in the number of 
intervening items impairs recognition performance in a variety of domains (Sadeh et 
al., 2014). For example, in written word recognition, a systematic decrease in 
recognition performance is observed as the number of intervening items increases 
(Poon & Fozard, 1980). Digit tasks (Donaldson & Murdock, 1968), letter trigrams 
(Olson, 1969), word lists and pairs (Bui et al., 2014; Hockley, 1992), faces (Rakover 
& Cahlon, 2001), and a wide variety of everyday visual objects (Konkle et al., 2010; 
Nickerson, 1965) have been thoroughly investigated with results that report similar 
behavioural phenomena.  
However, evidence suggests that the detrimental effect of intervening items 
on recognition performance is not universal. In the visual domain, there is a large 
decrease in word recognition accuracy as the number of intervening words between 
the first and second presentation of a target word increases from 2 to 32 (Friedman, 
1990b). Interestingly, this effect is not observed with drawings, where recognition 
performance remains constant between 2, 8, and 32 intervening items (Berman et al., 
1991; Friedman, 1990a, 1990b). In the auditory domain, a disruptive effect of 
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intervening items has been demonstrated in recognition tasks using spoken words 
and single-notes (Campeanu et al., 2014; D. Deutsch, 1970, 1975). In single-note 
recognition, interference arises from intervening pitches but not intervening spoken 
numbers (D. Deutsch, 1970). This suggests strong stimulus-specific interference 
effects in single-note recognition. However, cumulative disruptive effects have yet to 
be substantiated in other real-world auditory contexts, such as multi-note melody 
recognition in the musical domain. Indeed, as detailed below, it has been suggested 
that memory for melodies may be resilient to interference from intervening items 
(Dowling, 1991; Dowling, Kwak, & Andrews, 1995). Thus a systematic 
investigation of the possible interference effects in music and melodies is important 
to further elucidate memory’s domain specificity (Fougnie, Zughni, Godwin, & 
Marois, 2015) and the question of whether memory for music is ‘special’ 
(Jackendoff & Lerdahl, 2006; Schulkind, 2009; Stevens, 2015). This paper conducts 
such an investigation.  
 
2.2.1 Memory for Melody 
Melodies are one of the most ubiquitous aspects of music and are crucial for 
musical enculturation (Corrigall & Trainor, 2014). We are exposed to many melodies 
on a day-to-day basis (Krause et al., 2014) and often many new melodies are heard 
before we encounter an old one again. Listeners who have experienced involuntary 
music imagery (e.g., earworms) know that simple melodic sequences of notes (i.e., a 
simple melody) have great potential for memorability (Bailes, 2007, 2015; Halpern 
& Bartlett, 2011; Williams, 2015). However, memory for melody has been described 
as a ‘paradox’ (Halpern & Bartlett, 2010; Schulkind, 2009; Stevens, 2015). It can be 
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long lasting (Bailes, 2007; Baird & Samson, 2014; Cuddy & Duffin, 2005; Halpern 
& Bartlett, 2011; Jacobsen et al., 2015; Vanstone, Cuddy, Duffin, & Alexander, 
2009), yet “memory for novel melodies is surprisingly poor” (Lange & 
Czernochowski, 2013, p. 137) and “(…) even the simplest kind of recognition test 
for melodies shows how poor musical memory can be, in comparison to other kinds 
of memory” (Halpern & Bartlett, 2010, p. 234). These findings raise important 
questions about the nature of fundamental memory phenomena in memory for 
melody. Here, we systematically investigate two fundamental memory phenomena in 
memory for melody: recency-in-memory and cumulative disruptive effects from the 
number of intervening melodies (both discussed in detail below).  
 
2.2.2 Interference and Temporal Delay in Novel Melody Recognition 
A potential source of confusion in the literature on memory for music is that 
different forms of memory – and the conditions under which memory is measured – 
are often not well articulated. This means that apparent contradictory evidence may 
occur when in fact different results arise because researchers evaluate different forms 
of memory under different experimental conditions. In the context of memory for 
melody in particular, apparent contradictory evidence such as the claims reviewed 
above, that memory for melody is sometimes ‘surprisingly poor‘ yet sometimes 
‘surprisingly good’, provides one such example. To avoid this potential source of 
confusion in the present study, it is important to note that we specifically investigate 
continuous recognition of novel monophonic melodies that resemble melodies that 
are encountered in normal day-to-day experiences.  
Recently, Schellenberg and Habashi (2015) showed that recognition 
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performance of novel ~30 s melodies is not disrupted by the mere passing of time 
over periods up to a week. However, their study focused on the passing of time and 
not on whether the number of intervening items influenced melody recognition. This 
is important because memory decay over time is only one of two main mechanisms 
of forgetting (Eysenck & Keane, 2015). Interference is the other mechanism, which 
describes a continuous decrease in memory performance, not because of the passing 
of time, but from the additional information that is learned after or even before the 
encoding of a stimulus into memory. Establishing the extent of interference as well 
as effects of decay in memory for melody provides an important step towards a full 
account of memory for melody in particular, and memory for complex auditory 
information in general. This will, in turn, assist in a comprehensive understanding of 
memory phenomena observed in the context of music; for example, the observation 
that memory for music is often ‘spared’ in people who suffer from debilitating 
deficits in memory, such as those associated with dementia and severe brain injury 
(Baird & Samson, 2014; Cuddy & Duffin, 2005; Jacobsen et al., 2015; Schulkind, 
2009). 
In the context of interference and decay, a series of melody recognition 
experiments conducted by Dowling and colleagues (Dowling, 1991; Dowling et al., 
1995) used very short (~ 3 s) melodies that recurred after periods of silence or 
periods filled with other melodies. Results indicated that melody recognition 
predominantly relied on pitch-interval information when delays are filled with other 
intervening melodies. Pitch-interval information refers to the relative pitch distance 
between notes, rather than their absolute pitches (i.e., pitch intervals like “a major 
third” rather than absolute pitches like ‘C4’ and ‘E4’). After observing relatively 
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stable memory performance over the first two minutes, Dowling et al. (1995) 
proposed that there might be underlying processes involved in pitch-interval based 
recognition of novel melodies that may be resilient to the presentation of intervening 
items (in this case, melodies). Such resilience to the effects of interference in 
memory for melodies is investigated here by systematically manipulating the number 
of intervening melodies in four melody recognition experiments. 
 
2.2.3 Pitch Information and Melody Transposition 
As mentioned above, several kinds of pitch information are important for 
accurate melody recognition: surface information such as absolute pitch and abstract 
information of pitch relations expressed, for example, as pitch intervals or pitch 
contour (Bartlett & Dowling, 1980; Dowling & Fujitani, 1971; Krumhansl, 2000; 
Levitin, 1994; Schellenberg, Stalinski, & Marks, 2014). Transposition of a melody 
into another key only retains relative pitch information. While participants are 
capable of recognizing untransposed melodies, recognition of transposed melodies 
tends to be worse (Dowling & Fujitani, 1971; Plantinga & Trainor, 2005; 
Schellenberg et al., 2014). Some literature suggests that, for delays beyond one 
minute, memory for melody predominantly uses relative pitch information (Bachem, 
1954) (see also, Krumhansl, 2000, for a review). However, this does not necessarily 
imply that memory is resilient to transposition. Indeed, more recent research shows 
that transposing melodies also disrupts memory for melody after longer delays of up 
to a day (Schellenberg & Habashi, 2015). 
Taken together, these findings suggest that interference in melody recognition 
might depend on whether or not both absolute or relative frequency information is 
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retained. This hypothesis is investigated in the present study. Specifically, 
Experiments 1 and 2 investigate melody recognition with the second occurrence of 
each melody untransposed, whereas in Experiments 3 and 4 the second occurrence of 
each melody is transposed. 
 
2.2.4 Task Awareness in Melody Recognition 
Participants’ awareness of the nature of a musical memory task can 
potentially influence performance (Halpern & Bartlett, 2010). For example, age-
related decline in memory appears to be smaller with indirect (Fleischman, Wilson, 
Gabrieli, Bienias, & Bennett, 2004) rather than direct memory tasks (Gaudreau & 
Peretz, 1999; Halpern & O'Connor, 2000). Therefore, the four experiments reported 
here used two different continuous memory tasks with varying degrees of task-
specific awareness (Shepard & Teghtsoonian, 1961).  
Continuous memory tasks are commonly used to investigate recognition 
performance and the disruptive effects of intervening items (Berman et al., 1991; 
Campeanu et al., 2014; Ferris et al., 1980; Friedman, 1990b; Hockley, 1992; Sadeh 
et al., 2014). In such a task, stimuli are presented successively and participants are 
asked to respond after each item; most commonly, whether they perceive the present 
stimulus to be ‘old’ or ‘new’ (Shepard & Teghtsoonian, 1961). In this case, ‘old’ 
refers to items that have been presented before, and vice versa. Importantly, the 
memory-related aspects of a continuous memory task can be expressed with varying 
degrees of memory-task awareness. For example, the ‘old’ or ‘new’ request is a 
direct memory task, while rating the familiarity of each melody is an indirect 
memory task. Therefore, in the present study, Experiments 1, 2, and 3 implemented 
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direct memory task instructions, whereas Experiment 4 implemented indirect 
memory task instructions.  
 
2.2.5 Recency-In-Memory 
In a continuous memory task, the case of zero intervening melodies is the 
only condition that reflects immediate repetition. Due to recency-in-memory effects, 
we expected that immediate repetition of a melody should lead to higher memory 
performance when compared to any case that has at least one intervening item (Berz, 
1995; Dowling, 1973; Greene & Samuel, 1986; Jahnke, 1963; Roberts, 1986). 
Indeed, recognition performance should be lower for all other numbers of 
intervening items, as the first intervening melody will disrupt any recency-in-
memory effect. No observed effect of the number of intervening melodies beyond 
the first would also support the findings of Schellenberg and Habashi (2015), who 
reported no significant disruptive effect of temporal delay on melody recognition. 
Here, Experiment 1 specifically investigates a small number of intervening items (up 
to 6) to compare the zero intervening melody condition to each of the other 
intervening melody conditions. Experiments 2, 3, and 4 use a far larger number (up 
to 197) of intervening melodies to investigate longer-term unfolding cumulative 
disruptive effects on recognition. In the following section, we provide a summary of 
the aim, design, and hypothesis of the study as a whole. 
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2.3 Aim, Design, and Hypotheses 
Four experiments were designed to further elucidate mechanisms that 
underpin memory for novel melodies by investigating the effect of distinctively 
different intervening melodic items (details in the stimulus section). The importance 
of absolute and relative frequency information was also investigated by 
implementing melody transposition, and the potential for differential outcomes 
between memory tasks was investigated by measuring both recognition and 
perceived familiarity.  
Following the literature reviewed above, a significant performance decrease 
as the number of intervening items increases is evidence that memory for melody is 
similar to other memory domains. A lack of such an effect supports Dowling, et al.’s 
(1995) suggestion that memory for melody might be special because other 
intervening melodies do not disrupt it. Furthermore, such results would also provide 
evidence of the domain specificity of human memory. Finally, immediate repetition 
of a melody was hypothesized to lead to better performance than when a melody’s 
repetition occurs after any number of different intervening melodies. 
 
2.4 Experiment 1:  Melody Recognition with Zero to Six Intervening Melodies 
As a starting point, Experiment 1 was designed to investigate how the first six 
intervening melodies affect melody recognition performance. Specifically, the 
number of intervening items varied between zero and six in a continuous recognition 
paradigm while recognition performance was measured. The choice of six 
intervening item conditions was deemed a sufficient starting point to demonstrate 
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cumulative disruptive effects, as has been the case in other domains such as written 
and spoken word recognition (Campeanu et al., 2014; Friedman, 1990b). 
 
2.4.1 Method 
Participants. Twenty-eight undergraduate students were recruited from the 
Western Sydney University (Mage = 22.1 years, SDage = 8.5, seven male). Recruitment 
criteria were less than two years of musical training and no hearing impairments. 
Participants volunteered for this experiment and were reimbursed with chocolate and 
the opportunity to learn about the research after the experiment.   
 
Stimuli and Equipment. Testing took place in a sound attenuated booth at 
the MARCS Institute for Brain, Behaviour, and Development, Sydney, Australia. 
The experiment was programmed in E-Prime (Psychology Software Tools, 2012). 
Stimuli were presented through Sennheiser 25 HD headphones at a volume 
comfortable to the user. Experiment 1 focused on recognition of novel melodies, and 
60 novel monophonic melodies were composed by the first author of this article. All 
melodies were 12 seconds in duration and unmistakably tonal. The melodies were 
composed in 12-tone equal temperament, the most common tuning system used in 
Western tonal music (Milne, Sethares, & Plamondon, 2007). The key for each 
melody was randomly chosen before composition; half of the melodies were 
composed in major and the other half in minor. All notes were sounded with the 
same grand piano timbre at the same velocity using Pianoteq 4 STAGE (Version 
4.2). The meter was balanced across the melodies between 4/4 and 3/4, the two 
dominant meters in Western tonal music (London, 2012). The tempi were pseudo 
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randomized between 80-165 beats per minute (bpm) with a mean bpm set to the most 
common 120 bpm (Franek, van Noorden, & Rezny, 2014; Moelants, 2002). Not all 
tempi between 80 and 165 bpm were possible to realize, as the meter was fixed at 4/4 
and 3/4 and the duration fixed at 12 seconds. The rhythmic structure was kept simple 
with not more than two levels of metrical division (Winold, 1975). Musical scores 
relating to representative examples of melodies presented in Experiment 1 can be 
found in Appendix A (p. 249). The online supplement S1-Stimuli.zip contains the 
stimuli of all Experiments as well as a musical feature analysis of all melodies (more 
detail is provided in the Stimuli and Material section of Experiment 3). 
Even though all melodies were novel, there was a slight possibility that some 
melodies might have resembled familiar tunes. Therefore, a pilot study was 
conducted and every melody that was perceived to sound similar to another known 
melody by at least one participant was removed from the corpus. Twelve researchers 
from the MARCS institute who were not involved in this project volunteered to 
participate in the pilot study. All participants were oblivious to the origin of the 
stimuli. A total of five melodies were removed from the initial pool of 60. 
Representative examples of the remaining stimuli can be seen in Appendix A. An 
uninvolved expert listener with an extensive and sophisticated background in music 
(Ollen Musical Sophistication Index of 845, see Ollen, 2006, where on a scale of 0-
1000,  >500 is deemed to be musically sophisticated) described the melodies as 
follows:  
“(…) I guessed they were theme tunes from TV programs, film 
music, or adverts. They sounded like the sort of melodies one would 
typically come across in everyday life.” 
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Procedure. Up to three participants could participate in the experiment 
simultaneously, but each participant could neither hear the stimuli presented to 
others, nor see the other participants as they completed the task. Participants 
provided informed consent and sat comfortably in front of a computer. All 
instructions were presented on the computer screen. Participants were instructed that 
“in this experiment, you will hear many different melodies, one after another. 
However, sometimes a melody will be repeated. Each melody may repeat more than 
once OR may not repeat at all.” They were asked to “listen to each melody and 
respond to whether you have heard this melody before in this experiment.” 
Responses were made using two different keys of the keyboard (the ‘A’ key and the 
‘-’ key), one associated with ‘New’ and the other with ‘Old’. The response keys were 
counterbalanced between participants. While the melodies were played, the screen 
showed ‘Listen!’ in black letters on a white background. As soon as the melody was 
finished, the ‘Listen!’ text disappeared. The next trial was initiated as soon as a 
participant gave a response. Participants had the opportunity to practice the task in 
six practice trials and were allowed to adjust the volume to their personal preference 
during the practice trials. However, the volume was then fixed to their chosen level 
for the main experiment trials. After completion of the experiment, participants were 
asked to fill out a short demographic questionnaire. A schematic example of a 
sequence of trials is shown in Figure 2.1. 
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Figure 2.1: Schematic example of a sequence of trials in Experiment 1, with ‘Melody’ representing a 
stimulus and ‘Old? New?’ representing a participant’s response. The two grey fields represent the 
same melody. Therefore, this shows an example of one intervening melody between the first 
presentation of the ‘grey’ melody and its repetition. Here, we systematically manipulate the number of 
intervening melodies until a target melody repeats (see text for details). 
 
The number of intervening melodies was manipulated between zero and six. 
To avoid list order effects, the order of the melodies was randomized for every 
participant. In a continuous recognition task this means that both embedded-trials 
and overlap-trials are possible. When trials are embedded within each other, then a 
larger intervening-items condition contains first and second melody presentations of 
a smaller intervening-item condition. When trials overlap, much like the links in a 
chain, the intervening items between the two presentations of a target melody 
contains the first, but not the second presentation of another target melody. For 
example, if A1 and B1 are the first presentations of melodies A and B, and A2 and 
B2 are the second presentations of melodies A and B, then both scenarios are 
possible: A1B1A2B2 (overlap), A1B1B2A2 (embedded). Since the number of 
intervening melodies was manipulated from zero to six with the same number of 
Melody!
Old? 
New?!
Melody!
Old? 
New?!
Melody!
Old? 
New?!
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trials in each gap size, the possible permutations of list order were highly 
constrained. As a result, 49 of the 55 melodies were presented twice over the course 
of the experiment with controlled numbers of intervening items. The remaining six 
melodies were used as ‘dummy’ melodies. Dummy melodies randomly filled the 
remaining item list slots and were not included in the analyses. Overall, every 
participant listened to 130 trials that included seven melodies in each of the different 
numbers of intervening melody conditions (0, 1, 2, 3, 4, 5, 6), and 32 dummy trials 
that were not included in the analysis but enabled a fully randomized list order for 
each participant.  
 
Accounting for Participant Response Tendencies. Recognition paradigms 
are prone to effects of response biases (Snodgrass & Corwin, 1988). For example, 
there is evidence that response tendencies can change over the course of an 
experiment (Berch, 1976; Donaldson & Murdock, 1968). In order to take this into 
account, we built participant-wise Dynamic Response Tendency models that predict 
the baseline tendency for each participant to press ‘old’, and how this tendency 
changes throughout the experiment. These generalized linear mixed effects models 
were trained on ‘old’ responses on first presentations based on trial number. The 
fitted models were then used to predict the probability of pressing ‘old’ on repetition 
trials based solely on trial number. As a result, the Dynamic Response Tendency 
models were used in statistical analyses in each Results section to account for the 
	 
  
51 
individual response tendencies of each participant, and the way such tendencies may 
change over the course of the experiment.1 
 
Statistical Approach. The statistical approach is similar in all experiments 
and will be detailed here. We used generalized linear mixed effects models to 
investigate the effect of the number of intervening melodies on binary melody 
recognition data (Experiments 1, 2, and 3) and linear mixed effects models for 
continuous perceived familiarity data (Experiment 4) (Baayen et al., 2008). This 
approach takes into account crossed random effects of subjects and melodies that 
possess different levels of memorability (Baayen, 2008; Baayen et al., 2008; Judd et 
al., 2012; Kass & Raftery, 1995; Kruschke, 2010, 2013; Nathoo & Masson, 2016). 
The models were implemented in the R software platform (R-Core-Team, 2013) 
using the lme4 package (Bates et al., 2013).  
A model comparison approach was used to compare evidence in favour of the 
null hypothesis relative to evidence in favour of a competing hypothesis (Kruschke, 
2011). Bayesian information criteria (BIC) (Schwarz, 1978) are reported. BIC 
values, which penalize additional parameters strongly, were used as the basis of 
model selection. Differences in BIC values between models are reported as ΔBIC for 
significant model improvements. A ΔBIC of two or greater is assumed “positive” in 
favour of the model with lower BIC. A ΔBIC difference of six or greater is 
                                                
1 Detailed assessment showed that there were no response tendency shifts in Experiments 1, 2, and 4 
(all dynamic response tendency coefficient p-values > .20). Experiment 3 showed dynamic response 
tendency shifts over the 196 trials (p < .001). The model controlled for the shifts. The nature of the 
response tendency shifts in Experiment 3 is detailed in Appendix C. 
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considered “strong” evidence (Kass & Raftery, 1995). ΔBIC can be used to estimate 
the Bayes factor, a measurement of how much evidence there is supporting one 
hypothesis or model compared to another (Kass & Raftery, 1995; Lewandowsky & 
Farrell, 2010, p. 186; Nathoo & Masson, 2016; Wagenmakers, 2007). A ΔBIC of six 
represents a Bayes factor of twenty, which can be interpreted as twenty times more 
evidence for the model with the lower BIC. A Bayes factor cannot only provide 
evidence against the Null-Hypothesis, but also evidence for it. Furthermore, direct 
model comparisons using goodness-of-fit were conducted with likelihood-ratio tests, 
with p-values reported throughout (Wilks, 1938). The models were provided with a 
random intercept for Melody in order to account for possible effects of individual 
melodies. Accounting for participant response tendencies was achieved in each 
model by implementing random intercepts for Subject as well as a fixed factor for the 
aforementioned Dynamic Response Tendency models.  
At the beginning of each results section, mixed effects models were used to 
assess whether overall performance is above chance. This was achieved by testing if 
melody repetition predicts significantly more ‘old’ responses (Experiments 1-3) or 
higher perceived familiarity (Experiment 4) while taking random participant 
response biases and melody variation into account. Coefficient p-values are reported 
in the beginning of each results section. All figures that depict recognition 
performances in each Results section below report response bias-corrected hit rates 
by subtracting the participant-wise false alarm rates from participant-wise hit rates. 
As a result of this transformation, performance around zero indicates the inability to 
recognize the melodies (Snodgrass & Corwin, 1988). 
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At the end of each Results section for each experiment, a final assessment of 
the effects of the number of intervening melodies is reported using models with 
maximal random effects (Barr et al., 2013). These models include random slopes for 
participants over the number of intervening items; that is, all random effects that 
could possibly play a role given the experimental design. For generalized linear 
models, p-values as calculated by the lme4 package are reported. For linear models, 
conservative Kenward-Roger approximations were used to adjust the degrees of 
freedom (Kenward & Roger, 1997) using the R package pbkrtest (Halekoh & 
Højsgaard, 2014a, 2014b). 
 
Results 
Figure 2.2 shows mean false alarm rates and hit rates for every participant 
and melody, and bias-corrected hit rates are depicted in Figure 2.3. In summary, 
participants performed significantly above chance (Z = 24.387, p < .0001) and the 
number of intervening melodies did not influence recognition performance beyond 
the first intervening item. 
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Participant-Wise       Melody-Wise 
   
Figure 2.2: Hit rates and false alarm rates in Experiment 1. The left panel shows mean data 
participant-wise, and the right panel shows mean data melody-wise. The reference line represents 
chance level. Mixed effects models were built to take inter-melody and inter-participant variation into 
account. 
 
Specifically, a generalized linear mixed effects model was constructed to 
investigate how the number of intervening items influences melody recognition. The 
model is built to predict ‘old’ responses on melody repetitions. The base model 
included the systematic factor for Dynamic Response Tendency and random 
intercepts for Subject and Melody (BIC = 1659.7; LogLik = -815.38), and improved 
significantly when provided with information about the Number of Intervening Items 
(BIC = 1655.8; LogLik = -791.75, p < .0001, ΔBIC = 3.9). Coefficient estimation for 
each number of intervening melodies confirmed a significantly lower recognition 
performance for all numbers of intervening items beyond immediate repetition (all p-
values < .0001). A base model excluding immediate repetitions (BIC = 1442.7; 
LogLik = -707.17) did not improve when provided with the number of intervening 
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items (BIC = 1474.7; LogLik = -705.48, p > .64). This shows that the number of 
intervening items beyond the first and up to six does not carry predictive value when 
it comes to melody recognition performance. This result is illustrated in Figure 2.3. 
 
 
Figure 2.3: Mean bias corrected hit rate for all seven conditions of intervening melodies in 
Experiment 1. Note that zero represents chance recognition level. The zero intervening melodies 
condition produced significantly higher recognition performance than all other conditions. 
Performance was statistically identical in one through to six intervening melodies. Error bars show 
95% confidence intervals. 
 
A final statistical assessment of the effect of number of intervening items was 
made using the maximal random effect structure. The number of intervening 
melodies did not improve models that excluded data relating to immediate repetition 
(p > .95). As hypothesized, significant differences between melodies were observed, 
as shown by a significant decrease in model performance when the random intercept 
for melody was removed (p < .0001, ΔBIC = 68.1). For comparison, Figure C.0.4 in 
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Appendix C displays uncorrected hit-rates for each of the different intervening item 
conditions in Experiment 1. 
 
2.4.2 Discussion 
Experiment 1 showed that beyond the effect of the first intervening melody, 
up to 6 additional intervening melodies did not significantly decrease recognition 
performance. This finding cannot be explained by a floor effect that would prevent 
further decreases in performance after the first intervening melody, as recognition 
performance was above chance in all six intervening melody conditions (see Figure 
2.2). The results are consistent with Schellenberg and Habashi’s (2015) findings of a 
lack of disruptive effects of intervening time on melody recognition. Using relatively 
long (12 s) melodies, Experiment 1 also supports the hypothesis of underlying 
processes involved in melody recognition that bypass the interference by intervening 
items found in other memory domains (Dowling et al., 1995).  
Recent research using five four-part chord progressions followed by three-
note arpeggiated continuations has shown that it can take approximately 20 s to 
reappraise a prior melody as a whole; that is, 20 s to integrate a melody into long 
term memory (Bailes, Dean, & Pearce, 2013). Buchsbaum, Padmanabhan, and 
Berman (2011) investigated this issue in auditory-verbal stimuli by combining a 
continuous recognition paradigm and fMRI. They found systematically different 
activation patterns in response to conditions that presented ≥ 4 intervening items. So 
it could be that the disruptive effect of the number of intervening melodies only 
manifests after the critical period of 20-30 s. In this case, the few conditions in 
Experiment 1 (4, 5, and 6 intervening melodies) that extended up to and beyond this 
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critical period may not be sufficient to properly rule out this possibility. Therefore, 
there may still be an interference effect from the number of intervening melodies on 
melody recognition that occurs beyond those used in Experiment 1. This possibility 
was investigated in Experiment 2. 
 
2.5 Experiment 2: Melody Recognition with Four to Thirteen Intervening 
Melodies 
Experiment 2 aimed to replicate and extend the results of Experiment 1 with a 
larger number of intervening items. Experiment 2 systematically investigated four to 
thirteen intervening melodies. This ensured that intervening melodies were always 
presented beyond the potentially critical period of 20 to 30 seconds after stimulus 
presentation. Following from the results of Experiment 1, no differences in 
recognition performance were hypothesized for any number of intervening melodies. 
 
2.5.1 Method 
Participants. Experiment 2 tested 20 participants from the Western Sydney 
University (Mage = 21.1 SDage = 3.6, five male) who provided informed consent and 
were reimbursed with chocolate. The data of three participants were excluded 
because two reported a high level of musical expertise (active musicians), and one 
made the same response (identical key press) in each trial. All participants reported 
normal hearing and did not participate in Experiment 1. 
 
Stimuli and Equipment. Stimuli and equipment were identical to 
Experiment 1; the only difference was a reduction from 55 to 50 randomly chosen 
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melodies from the set of 60 melodies described in Experiment 1 in order to decrease 
the experiment’s duration. Musical scores relating to representative examples of 
melodies presented in Experiment 2 can be found in Appendix A (p. 249). The online 
supplement S1-Stimuli.zip contains the stimuli of all Experiments as well as a 
musical feature analysis of all melodies. 
 
Procedure. The procedure of Experiment 2 closely followed that of 
Experiment 1. However, instead of zero to six intervening melodies, Experiment 2 
presented four to thirteen intervening melodies. For each participant, a list of 100 
trials was randomly populated with melodies that reoccurred once after four to 
thirteen intervening melodies. Each number of intervening melodies occurred at least 
four times for each participant. This ensured at least 80 analyzable trials with 40 
different melodies for each participant. The remaining 20 trials were filled without 
restraints on the number of intervening melodies in order to allow sufficient 
permutations of list order. Similar to the procedure in Experiment 1, dummy 
melodies randomly filled any remaining item list slots and were not included in the 
analyses. Instructions were identical to Experiment 1. 
 
2.5.2 Results 
Figure 2.4 shows mean false alarm rates and hit rates for every participant 
and melody, and bias-corrected hit rates are depicted in Figure 2.5. Again, 
participants performed significantly above chance (Z = 15.97, p < .0001), with 
results that replicated and extended those reported in Experiment 1. The number of 
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intervening melodies did not influence recognition performance when up to thirteen 
intervening melodies are presented. 
                   
Participant-Wise                Melody-Wise 
 
Figure 2.4: Hit rates and false alarm rates in Experiment 2. The left panel shows mean data 
participant-wise, and the right panel shows mean data melody-wise. The reference line represents 
chance level. 
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Figure 2.5: Mean bias corrected hit rate for all 10 conditions of intervening melodies in Experiment 2. 
Note that zero represents chance level. Recognition performance was statistically identical in all 
intervening melody conditions. Error bars show 95% confidence intervals. 
 
In statistical terms, a mixed effects model predicting ‘old’ responses on 
repetition trials (BIC = 929.83; LogLik = -451.67) with a random intercept of Subject 
and Melody and a systematic factor for Dynamic Response Tendency did not improve 
when provided with the information of the Number of Intervening Melodies (BIC = 
936.13; LogLik = -451.51; p  > .56). This shows that the number of intervening items 
cannot be used to predict recognition performance in memory for melody between 4 
and 13 intervening melodies. This effect is also illustrated in Figure 2.5.  
A final statistical assessment of the effect of number of intervening items was 
made using the maximal random effect structure. Number of Intervening Melodies 
did not yield a significant result (p > .50). As hypothesized, the model performed 
significantly worse without a random intercept for Melody (p < .0001, ΔBIC = 
47.72). This result is consistent with Experiment 1. 
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2.5.3 Discussion 
Experiment 2 extends the results of Experiment 1, with no significant 
differences observed when the number of intervening melodies increased to thirteen. 
Thirteen intervening melodies equates to a temporal delay of about two and a half 
minutes. Thus, no differences in recognition performance between four and thirteen 
intervening melodies indicate that the passing of time has no effect on melody 
recognition performance within the first few minutes of melody recognition. This is 
consistent with previous research in the musical domain (Schellenberg & Habashi, 
2015). However, this result is somewhat surprising from non-musical memory 
research, because a variety of domains do show interference effects of time (Bui et 
al., 2014; Campeanu et al., 2014; Hockley, 1992; Konkle et al., 2010; Olson, 1969; 
Sadeh et al., 2014) that include other auditory stimuli such as words (Buchsbaum et 
al., 2011; Campeanu et al., 2014).  
The second presentation of each melody in Experiment 1 and Experiment 2 
was physically identical to the first presentation. Therefore, both absolute and 
relative pitch (or frequency) information were available in the task (Bartlett & 
Dowling, 1980; Dowling & Fujitani, 1971; Krumhansl, 2000; Levitin, 1994; 
Schellenberg et al., 2014). Though relative pitch information seems to be 
predominantly used in long-term memory for melodies (Krumhansl, 2000), recent 
studies show that absolute pitch information is also retained (Schellenberg et al., 
2014). One possible explanation for our findings in Experiments 1 and 2 could be 
that absolute frequency information compensated for an interference effect of the 
number of intervening melodies. It may be that an effect of intervening melodies will 
be observed when only relative frequency information is available. To test this 
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possibility, two additional experiments were designed with melodies that were 
transposed on their repetition.  
The results of Experiment 1 and Experiment 2 could also be limited to the 
specific corpus of melodies that resembled advertisement jingles or movie themes. 
To investigate whether the results can be replicated in other melody corpora, 
Experiments 3 and 4 also used a new set of melodies taken from a large corpus of 
European folk songs. Furthermore, prior research in the visual domain has shown 
cumulative disruptive interference for complex and meaningful visual stimuli 
(photographs) between 40, 80, 120, 160, and up to 200 intervening items (Nickerson, 
1965). Potentially, the slope of the cumulative disruptive interference in memory for 
melodies may be too shallow to be detected with only a span of 13 intervening items. 
Similar to complex and meaningful visual stimuli, cumulative disruptive interference 
may emerge when investigating larger scale differences in the number of intervening 
items. While Experiments 1 and 2 investigated a relatively early time course of 
memory for melody, Experiments 3 and 4 were designed to investigate long-term 
effects of intervening melodies with the use of up to 195 intervening melodies. 
 
2.6 Experiment 3: Melody Recognition with up to 195 Intervening Melodies 
Experiment 3 was designed to investigate the influence of large numbers of 
intervening items when absolute frequency information is removed through melody 
transposition. Furthermore, the experiment investigated potential long-term effects of 
the number of intervening melodies on melody recognition with a new stimulus set 
derived from a large corpus of European folk songs. 
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2.6.1 Method 
Participants. Thirty-two undergraduate students from the Western Sydney 
University (Mage = 21.03 SDage = 5.64, six male) participated in this experiment. 
Participants were required to have received less than two years of musical training 
(five participants had musical training M = 3.4 years, SD = .90). Participants reported 
normal hearing and did not participate in the previous experiments. Participation was 
reimbursed with course credit as part of university course requirements. 
 
Stimuli and Material. Experiment 3 used an exhaustive stimulus selection 
procedure to create the final set of stimuli. A detailed description of this procedure 
can be found in Appendix B (p. 250). A European folk song corpus of 8,397 
monophonic melodies was analyzed (CCARH; Sapp, 2005). All melodies were 
deconstructed into their underlying musical features using the MIDI Toolbox (Eerola 
& Toiviainen, 2004a; 2004b, p. 96), FANTASTIC (Müllensiefen, 2009, p. 37), as 
well as several self-implemented routines to measure tonality (Dean, Bailes, & 
Drummond, 2014), autocorrelation between pitch values (Dean, Bailes, & Dunsmuir, 
2014; Dean & Dunsmuir, 2015), and pitch as well as rhythmic balance and evenness 
(Milne, Bulger, Herff, & Sethares, 2015). Deconstructing melodies into their 
underlying musical features was necessary to ensure in a later step that the final 
subsample of melodies adequately represented the underlying corpus in respect to 
various musical features. An in-depth description of the musical features can be 
found in the MIDI Toolbox and FANTASTIC manuals (Eerola & Toiviainen, 2004a; 
2004b, p. 96; Müllensiefen, 2009, p. 37). Due to the vast number of musical features 
(116), a principal component analysis was used to reduce the dimensions. Twenty-
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one significant underlying components were identified using a permutation based 
Monte Carlo Simulation (Parallel analysis) with a 95% confidence level (Clarkson & 
Jennrich, 1988; O'Connor, 2000). The score on every principal component was 
calculated for every melody in order to cluster the melodies in the dimension-
reduced space. A hierarchical cluster analysis using Euclidean distances resulted in 
one large cluster. A cluster analysis using reduction in log-likelihood was 
implemented as a distance measurement and a nine-cluster solution emerged from 
the single large cluster using Bayesian Information Criteria (average silhouette 
measure of cohesion and separation = .01 with a smallest to biggest cluster ratio of 
2.587; (Rousseeuw, 1987). The nine-cluster solution was accepted.  
In total, 110 melodies were randomly drawn, and the specific number of 
melodies from each cluster was determined by the relative cluster size. These 110 
melodies were then subjected to a perceptual pilot study in order to identify melodies 
that, despite being European folk songs, evoke high degrees of familiarity from 
Australian listeners. Twelve (Mage = 33, SDage = 12.5) participants provided 
familiarity ratings on a 100-point visual analog scale. The familiarity response 
distributions for every individual melody were compared to the response distribution 
of all other melodies using non-parametric Kolmogorov-Smirnov tests. Outlier 
melodies that showed significantly different response distributions were removed 
because they could not be classified as ‘novel’ for the purpose of the experiment. 
This procedure resulted in 98 melodies that were mathematically derived from a 
large corpus of European folksong melodies and perceptually tested to be novel to 
Australian listeners. These 98 melodies had a mean duration of 10.86 s and a mean 
pitch range of 7.93 semitones. Musical scores comprising representative examples of 
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melodies presented in Experiment 3 can be found in Appendix A (p. 249). Stimuli 
from all experiments can be found in the online supplement S1-Stimuli.zip. 
 
Procedure. The procedure of Experiment 3 closely followed the procedure of 
the previous experiments and is visualized in Figure 2.6. Participants provided 
informed consent and instructions were presented in a standardized format on the 
computer. A demographic questionnaire was also digitally administered. Participants 
were instructed to “carefully listen to the melodies and, after each melody, please 
respond whether you have heard it before in this experiment”. After a melody was 
presented, two buttons appeared on the screen, one labelled “New” and the other one 
“Old”. Responses were made using the computer mouse2. The 98 melodies were 
presented in 196 trials. Every participant received a unique randomization list that 
was automatically generated at the beginning of the experiment. Melodies occurred 
twice throughout the experiment and, similar to previous studies (Schellenberg et al., 
2014), were transposed on their repetition by six semitones up (to the key most 
distant from the original)3. 
                                                
2 Note that in addition to the above-described procedure, remember/ know judgments (Tulving, 1985; 
Yonelinas, 2002) and confidence ratings were also measured after each participants’ recognition 
response (data not shown).  
3 Data from a pilot study as well as Experiments 3 and 4 show that participants did not use the pitch 
height of melodies as the basis of their judgments. Several mixed effects models were built to evaluate 
this. The melodies varied in average pitch height. If pitch height had been used as a systematic cue to 
respond ‘old’ then melodies with higher average pitch height would show an increased number of 
‘old’ responses. However, average pitch height variation (as calculated by FANTASTIC) between the 
melodies did not carry predictive value for familiarity or recognition judgments during the second 
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Up to three participants were tested simultaneously, but each participant 
could neither hear the stimuli presented to others, nor see the other participants as 
they completed the task. The experiment was programmed in Max MSP 6.0 and 
executed in Max Runtime 6.0 (Cycling74, 2014) and took approximately 45 minutes 
to complete.  
 
 
Figure 2.6: Schematic example of a sequence of trials in Experiment 3. The two grey fields represent 
the same melody; however, the second presentation of each melody (the ‘grey’ melody in this figure) 
in Experiment 3 was transposed. Therefore, this shows an example of one intervening melody 
between the first presentation of the ‘grey’ melody and its transposed repetition.   
 
2.6.2 Results 
Figure 2.7 shows mean false alarm rates and mean hit rates for every 
participant and melody. Figure 2.8 shows the probability of Bias-Corrected Hits with 
increasing number of intervening items. Overall, participants performed significantly 
                                                                                                                                     
presentations (all p-values > .18). This means that higher average pitch height does not systematically 
shift response tendencies toward old-responses. 
Melody!
Old? 
New?!
Melody!
Old? 
New?!
Transposed !
Melody!
Old? 
New?!
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above chance (Z = 12.77, p < .0001) with results that replicated and extended those 
reported in Experiments 1 and 2: the number of intervening melodies did not 
influence recognition performance when up to 195 intervening melodies were 
presented with a different melody corpus and with transposition on their second 
presentation. 
 
      Participant-Wise              Melody-Wise 
 
Figure 2.7: Hit rates and false alarm rates in Experiment 3. The left panel shows the data participant-
wise, and the right panel melody-wise. The reference line represents chance level.   
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Figure 2.8: Prediction line of a generalized mixed effects model that predicts the probability of bias 
corrected recognition (y-axis). Performance was significantly above chance. However, the number of 
intervening items did not carry predictive value. The grey area around the prediction line represents a 
95% confidence interval. 
 
As before, mixed effects models addressed the predictive value of the number 
of intervening items on melody recognition. A base model with a systematic factor 
for Dynamic Response Tendency and random intercepts for Participant and Melody 
(BIC = 3975.0; LogLik = -1969.8) did not significantly improve when provided with 
information about the Number of Intervening Melodies (BIC = 3979.8; LogLik = -
1969.8, p >.07). This result again shows that the number of intervening items cannot 
be used to predict recognition performance in memory for melody when up to 195 
intervening melodies are presented. This is illustrated in Figure 2.8.  
A final model assessment using maximal random effect structure confirms 
that the number of intervening items does not carry systematic predictive value in the 
context of memory for melody (p > .60). Similar to the previous experiments, 
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without a random intercept for Melody (p < .0001, ΔBIC = 14.8) the model 
performed significantly worse, showing significant differences between melodies. 
For a comparison, Figure C.0.5 in Appendix C displays uncorrected hit-rates for 
each of the different intervening item conditions in Experiment 1. 
 
2.6.3 Discussion 
Descriptively, performance in Experiment 3 was worse than in Experiments 1 
and 2, reflecting the impact of transposition. This observation is consistent with 
recent findings that surface features in music, such as absolute frequencies, play a 
significant role in memory for melodies even with relatively long delays 
(Schellenberg & Habashi, 2015). Interestingly, melodies were still resistant to 
interference by intervening items, and that resistance was demonstrated here with up 
to 195 intervening items. Thus, relative pitch information alone sufficed to support 
the resilience. This is consistent with previous research showing that relative pitch 
information is important for long-term memory for melodies (Dowling & Bartlett, 
1981). The results so far might be specific to tasks that focus on the direct 
recognition of sequences. Experiment 4 addressed the possibility that cumulative 
disruptive interference arises when participants are not directly aware that their 
memory is being tested. This hypothesis is tested here by measuring changes in 
perceived familiarity between first and second presentations of novel melodies. 
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2.7 Experiment 4: Perceived Familiarity 
Experiment 4 was designed to investigate the effect of the number of 
intervening items in a different assessment of memory than melody recognition. 
Rather than measuring recognition performance, participants were instructed to rate 
perceived familiarity for every melody without being told that melodies reoccur. If 
the number of intervening melodies has a significant influence on perceived 
familiarity, then it may be that the results observed in Experiments 1, 2, and 3 are 
underpinned by a mechanism specific to direct memory task instructions. In a direct 
memory task such as the recognition paradigm implemented in Experiments 1, 2, and 
3, participants are aware that their memory is being tested. Prior research has shown 
that the degree to which participants are aware of the nature of a memory tasks can 
influence fundamental memory phenomena (Fleischman et al., 2004; Gaudreau & 
Peretz, 1999; Halpern & Bartlett, 2010; Halpern & O'Connor, 2000). Specifically, 
some researchers posit that conscious recollection and a general feeling of familiarity 
are underpinned by different neurological processes (Yonelinas, 2002). If there is a 
pattern of results supporting no significant effect of the number of intervening 
melodies on perceived familiarity, then the findings reported in Experiment 1, 2, and 
3 are not specific to a direct melody recognition paradigm.  
Although in Experiment 4 participants were not informed that melodies may 
be repeated throughout the experiment, it was hypothesized that perceived familiarity 
should increase from the first to the second presentation of each melody. 
Furthermore, it was hypothesized that the number of intervening melodies does not 
affect this change in perceived familiarity between the first and second presentation 
of a melody. 
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2.7.1 Method 
Participants. Thirty undergraduate students from the Western Sydney 
University volunteered to participate (Mage = 23.6, SDage = 6.234, eight male). 
Participants did not have formal musical training nor did they report any hearing 
disabilities or participate in the previous experiments. Participation was reimbursed 
with university course credit. 
 
Stimuli and Equipment. Stimuli and equipment were identical to 
Experiment 3 and musical scores relating to representative examples of melodies 
presented in Experiment 4 are presented in Appendix A (p. 249). Identical to 
Experiment 3, the melodies in Experiment 4 were also transposed upon repetition. 
Stimuli from all experiments can be found in the online supplement S1-Stimuli.zip. 
 
Procedure. The procedure was to identical to Experiment 3 with the 
following exception: Participants were asked to indicate “how familiar you perceive 
each melody to be” rather than being asked to make recognition judgments. A 
vertical 100-point visual analogue scale was used. The familiarity scale had a spatial 
extent of 10 cm on the computer display and was labeled unfamiliar at the bottom 
and familiar at the top. Note that participants were not informed about the 
reoccurring nature of the melodies. 
 
2.7.2 Results 
In summary, Experiment 4 replicated and extended the results of the previous 
three experiments in a task that measured perceived familiarity, rather than a binary 
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recognition response. Figure 2.9 shows mean perceived familiarity towards first and 
second presentation for each participant and each melody. Figure 2.10 shows 
perceived familiarity with increasing number of intervening items. Recall that 
participants were not instructed that melodies reoccur. After testing, participants 
were invited to speculate about the purpose of this experiment. No participant 
suspected that their memory was being tested. As hypothesized, perceived familiarity 
increased from the first (M = 38.68, SE = 2.89) to the second occurrence (M = 47.12, 
SE = 3.214) of the melodies (t = 11.53, p < .0001).  
                     
        Participant-Wise      Melody-Wise 
 
Figure 2.9: Perceived familiarity raw data for Experiment 4. The left panel shows participant-wise 
differences in perceived familiarity between the first and second occurrence of a melody. The right 
panel shows melody-wise differences. Second presentations of melodies elicit significantly higher 
familiarity ratings than first presentations. 
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Figure 2.10: Raw data and prediction line of a linear mixed effects model predicting perceived 
familiarity on the second occurrence of a melody in Experiment 4, based on the number of intervening 
items. Familiarity increased significantly between first and second presentation of a melody. 
However, the number of intervening items did not carry predictive value. The grey area around the 
prediction line represents a 95% confidence interval.   
 
A model predicting within-participant standardized z-scores of Familiarity 
with a random intercept of Subject and Melody (BIC = 13660.51; LogLik = -6813.26) 
performed significantly worse (p < .001, ΔBIC = 129.24) than the same model 
provided with the additional information of melody Occurrence; that is, the first or 
second occurrence of a melody (BIC = 13531.27; LogLik = -6744.40). Furthermore, 
a model using the maximal random effect structure also confirmed the significant 
effect of Occurrence (p < .001). These data further support the hypothesis that 
overall familiarity changes significantly between the first and second occurrence of a 
melody, even when taking random subject and item intercepts into account. Similar 
to all previous experiments, the above model performed significantly worse without 
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a random intercept for Melody (BIC = 13788.31; LogLik = -6877.16, p < .001, ΔBIC 
= 257.04). This result provides evidence that there were significant differences 
between melodies. 
The second hypothesis predicted a pattern of results that support no 
cumulative disruptive interference of the number of intervening melodies on the 
change in perceived familiarity between the first and second occurrence of a melody. 
This hypothesis was also supported. A mixed effects model with a random intercept 
for Melody and Subject and systematic factor of Dynamic Response Tendency 
predicting the change of familiarity in participant-wise z-scores between the first and 
second occurrence of a melody (BIC = 7797.5; LogLik = -3879.3) did not 
significantly improve (p > .66) when provided with information regarding the 
Number of Intervening Melodies (BIC = 7805.1; LogLik = -3879.2). This is 
illustrated in Figure 2.10. The maximal random effect structure also showed that the 
Number of Intervening Melodies was not a useful predictor of perceived familiarity 
(p > .73). 
 
2.7.3 Discussion 
The results of Experiment 4 show that the lack of interference by intervening 
melodies (Experiments 1-3) is not limited to direct memory task instructions, but 
also occurs in an indirect memory task that measures perceived familiarity. This was 
an important test, since previous work has suggested that conscious recollection and 
the feeling of familiarity are two distinct mechanisms in recognition (Yonelinas, 
2002). However, the present findings suggest that the lack of a disruptive effect of 
the number of intervening melodies is not underpinned by a mechanism specific to 
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direct memory task instructions or conscious recollection, but is also observed in 
indirect assessments of memory such as perceived familiarity. 
 
2.8 General Discussion 
The present study undertook a multi-experiment investigation of how the 
number of intervening melodies affects memory for melody. Over four experiments 
involving transposed and untransposed melodies, melody recognition and perceived 
familiarity assessments, and up to 195 intervening melodies in two different corpora 
of music, there was no indication of a disruptive effect from the number of 
intervening melodies on memory for melody beyond immediate repetition.  
The present study provides support for the suggestion of Dowling, et al. 
(1995) that there may be underlying automatic processes involved in the recognition 
of novel melodies that are not disrupted by the presentation of intervening melodies. 
In the present investigation, the number of intervening items and the passing of time 
were closely intertwined, as additional time was required to include additional 
intervening items. This means that the results here also support Schellenberg and 
Habashi’s findings (Schellenberg & Habashi, 2015) that, in contrast to other domains 
(Karnekull, Jonsson, Willander, Sikstrom, & Larsson, 2015), the mere passing of 
time does not interfere with melody recognition. The results also converge with the 
majority of literature showing that successful recognition of melodies is possible, 
even when they have only been heard a few times; in our case, only once (Bartlett, 
Halpern, & Dowling, 1995; Dowling, 1991; Dowling et al., 1995; Halpern & 
Bartlett, 2010, 2011; Halpern & Müllensiefen, 2008; McAuley et al., 2004; 
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Müllensiefen & Halpern, 2014; Peretz & Gaudreau, 1998; Schellenberg & Habashi, 
2015; Schellenberg et al., 2014).   
However, our findings are relatively surprising when one considers that a 
disruptive effect from the number of intervening items is reported in the context of 
many domains other than music (Buchsbaum et al., 2011; Bui et al., 2014; 
Campeanu et al., 2014; Hockley, 1992; Konkle et al., 2010; Nickerson, 1965; Olson, 
1969; Sadeh et al., 2014). Note that we do not claim that memory for melody is 
exceptionally good compared to other stimuli. The present data allow no direct cross-
domain performance comparisons. However, the lack of a disruptive effect from the 
number of intervening items observed here has been reported in only a few cases in 
other domains (Berman et al., 1991; Tillmann & Dowling, 2007). 
In the following, our results will be discussed in terms of melodic 
transposition, melody distinctiveness, melody recognition and perceived familiarity, 
music’s temporal organization and its relation to memory’s domain specificity, as 
well as a novel Regenerative Multiple Representations conjecture that offers a 
pathway for future research designed to investigate the psychological mechanisms 
that may explain our findings.  
 
2.8.1 Melodic Transposition 
The findings of Experiments 1 and 2 showed no effect of the number of 
intervening melodies when pitch information was available to participants in the 
form of each note’s original pitch (absolute frequency information) and the relative 
pitch intervals between notes (relative frequency information). Experiments 3 and 4 
extended these findings, showing there is also no effect of the number of intervening 
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melodies when only relative frequency information is available. Absolute frequency 
information appears to serve as additional information that is used to aid melody 
recognition. As indicated by our data as well as previous research, this is 
demonstrated in better recognition performance towards untransposed compared to 
transposed melodies (Bartlett & Dowling, 1980; Dowling & Fujitani, 1971; 
Krumhansl, 2000; Levitin, 1994; Plantinga & Trainor, 2005; Schellenberg et al., 
2014). This raises the question: do changes in other important physical properties of 
music lead to similar results? For example, a change of musical timbre between first 
and second presentations of a melody would be a useful manipulation to test this 
hypothesis. 
Here, we tested two different melody corpora representing different musical 
‘genres’ (modern advertisement jingles vs. European Folk melodies). However, the 
melodies within each corpus were distinctly different to each other. An important 
future direction that is beyond the scope of the present investigation is the question 
regarding how similarity between intervening melodies and the target melodies affect 
recognition performance. Within the two melody corpora tested here, we did not 
observe cumulative disruptive interference from the number of intervening melodies. 
However, the present findings do not necessarily generalize to cases where 
intervening melodies are significantly more (or even identical), or less, similar to the 
target melodies. In single-note recognition, for example, the degree of similarity 
between the target pitch and intervening pitches greatly mediates interference, with 
greater dissimilarity leading to greater interference (D. Deutsch, 1972). Interestingly, 
substantially different intervening items such as spoken numbers do not cause 
cumulative disruptive interference (D. Deutsch, 1970). Future studies could further 
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investigate cumulative distractors and how their similarity to a target melody 
influences recognition performance. A major difficulty that such studies will need to 
overcome is establishing the perceptual similarity of melodies such as those used in 
this work, as well as their cumulative effects. 
 
2.8.2 Melody Distinctiveness  
While the number of intervening melodies did not show any significant effect 
on melody recognition, the melodies within our two corpora did. Some melodies 
showed high recognition performance even after large numbers of intervening 
melodies, while others failed to be recognised after only one intervening melody. 
This suggests that some melodies were not successfully encoded in the first place. 
Our data suggest that once a melody is successfully encoded, the number of 
intervening melodies does not influence the retrieval process.  
It is reasonable to expect that the specific combinations of underlying musical 
features in the melodies provide predictive value when it comes to melody 
recognition. Initial evidence for this hypothesis is found in a recent investigation 
using a range of musical features in melodies to predict melody recognition 
performance (Müllensiefen & Halpern, 2014). This study showed that less common 
motifs relative to a corpus could predict correct recognitions. This is analogous to the 
visual domain, where better long-term recognition for vivid pictures or oddities is 
reported (Konkle et al., 2010; Standing, 1973). The importance of musical features 
for prediction of successful melody recognition is a promising avenue for future 
investigation. The present study provides behavioural data that will aid in the 
development of mathematical models that use musical features as recognition 
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predictors. The data further facilitate the endeavour of building predictive models of 
melody recognition by demonstrating that the number of intervening items, a 
predictor that carries substantial predictive power in other memory domains, does not 
seem to apply to melody recognition. 
 
2.8.3 Melody Recognition and Perceived Familiarity 
Unlike the situation in Experiments 1-3, participants in Experiment 4 were 
only instructed to report their feeling of perceived familiarity. Nevertheless, none of 
the experiments revealed an influence of the number of intervening items on melody 
recognition or familiarity. In the familiarity task, an increase in perceived familiarity 
was observed between the first and second presentation of each melody. This 
suggests that participants formed memory representations of the melodies during the 
first presentations that increased perceived familiarity when a melody was heard 
again. Interestingly, the number of intervening melodies did not influence the 
increase in familiarity. This shows that the lack of a disruptive effect reported here 
with up to 195 intervening melodies is not limited to melody recognition 
instructions, but can be extended to indirect measurements of memory such as 
perceived familiarity. Further studies can investigate whether this finding is 
replicated with even less direct measurements of memory, such as preference ratings 
in the form of mere exposure effects, or reaction time. 
 
2.8.4 Temporal Organization and Domain Specificity  
One inherent feature of music is that it continuously unfolds through time and 
comprises successively organized (rhythmic) events (Jackendoff & Lerdahl, 2006). 
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A melody develops from its first note to its last, and the stimulus as a whole is 
complete only when the last note has been sounded. It has long been suspected that 
this temporal organization of music lies at the heart of some important psychological 
phenomena related to music. For example, in a study by Dowling and colleagues 
(Dowling, Tillmann, & Ayers, 2001), participants listened to short phrases from 
classical minuets. After 4-5, 15, or 30 seconds, participants were required to 
discriminate between the initial phrase and similar lures. Discrimination performance 
increased with greater temporal delays, but only if the delay was filled with a 
continuation of the music. No such improvement was observed when the delay was 
filled with silence or a purely rhythmic continuation. The findings were attributed to 
an ongoing process of feature binding that assists in forming coherent representation 
of the melodies. Dowling and Tillmann (2014) suggest that this process applies as 
long as ‘similarity’, ‘continuity’, and ‘coherence’ of the stimulus is not interrupted. 
The authors conclude that “the important thing is not that the delay be filled, but that 
it be filled with musically meaningful material that engages the listener” (Dowling et 
al., 2001, p. 270). This condition is somewhat analogous to the continuous memory 
paradigm used in the present study. Specifically, any detrimental effect to memory 
from the number of intervening items or the passing of time may have been 
compensated by a domain-specific increase of performance when the ‘delay’ (in our 
case, the period of time comprising melodies) is filled with meaningful melodies. A 
notable difference between the Dowling, et al. (2001) study that used classical 
minuets and the present study is that here, delays were filled with different melodies, 
rather than continuations of the target stimulus. Furthermore, the continuation of the 
listening experience was interrupted by participants’ responses after each melody. 
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Nevertheless, we did not observe a disruptive effect from the number of intervening 
items. This may indicate that findings reported in (Dowling et al., 2001) in the 
context of intervening delays filled with related musical content only extends to 
cases where the delay is filled with unrelated musical material of a similar style. 
Indeed, such findings have been replicated using non-classical guitar music 
(Dowling, Magner, & Tillmann, 2016). Similar findings have also been reported in 
poetry but not in prose (Tillmann & Dowling, 2007): while memory performance 
declines over time for prose, the mere passing of time has no effect on memory 
performance for poetry.  
Interestingly, an effect of the number of intervening items on recognition is 
again absent with simple drawings, but it is observed with photographs (Berman et 
al., 1991; Friedman, 1990a; Konkle et al., 2010). The reasons for this discrepancy are 
currently unclear but we provide one possible explanation below. The present results 
show again that findings related to memory in one domain may not necessarily 
generalize to others (Fougnie et al., 2015). However, when observing several 
different domains that act similarly, but differently to others, one wonders whether 
these domains share underlying processes. In this case, a fair overarching question is 
as follows: what are the similarities of music, poetry, and drawings that lead to a lack 
of an effect from the number of intervening items and the mere passing of time? In 
the following, we propose a novel Regenerative Multiple Representations (RMR) 
explanation. This perspective provides clear predictions, is falsifiable, and offers 
future possibilities for mathematical implementation. However, the conjecture is still 
speculative and should only serve as pointer for potential future research. 
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2.9 A Novel Perspective: Regenerative Multiple Representations 
The temporal structure of music is realized as a relational structure of 
underlying temporally spaced components. Examples of such underlying 
components are notes, pitch intervals, rhythms, or short note phrases within a 
melody. We define such relational organization as the strong interdependent 
connection between each element that defines and gives meaning to an object; the 
‘process of perceptual synthesis’ that integrates the fragmented features of an 
auditory stimulus (D. Deutsch, 1986). In the following, we intend to emphasize the 
importance of the underlying relational organization, rather than the temporal 
organization that emerges out of the relational organization.  
Relational organization is relevant for perception of most objects in our day-
to-day experience. For example, an everyday object such as a chair consists of 
underlying geometrical shapes. While the relational organization of such an object is 
often clear, the relevance of different layers in this organization might depend not 
only on the object, but also on the observer. We have learned that a chair is important 
to be perceived as an integrated whole. The exact underlying components are often 
of little relevance. A Joiner experienced in constructing chairs, however, may have a 
different perception of the same chair that is likely to include additional underlying 
components. Thus, our prior experience can inform perceptual relevance. In 
formulating the RMR conjecture, we assume that perception directly influences 
memory; objects that are perceived as a whole will predominantly be remembered as 
an integrated whole, objects that are perceived as underlying components may only 
be remembered as those components. 
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Usually, we tend to perceive objects as either a whole or as their components, 
but not both at the same time (Goldstein, 2013, pp. 100-114). This observation has 
been exhaustively studied in the perceptual grouping and object recognition literature 
(Wolfe et al., 2012). In general, the perception of objects as a whole is favored 
because it is often more meaningful to the perceiver. In music, it has also long been 
theorized that melodies are integrated in memory as a whole (see D. Deutsch, 1986; 
Krumhansl, 1991, p. 295). Following the assumption that memory is guided by 
perception (Malmberg & Annis, 2012), the perception of an object as a whole might 
then lead to a representation in memory of the object as a whole. Such a 
representation could then be subject to interference and decay, until the 
representation drops below some form of recognition threshold, rendering retrieval 
impossible. This process is often implemented mathematically in memory models in 
the form of a decay parameter, an interference parameter, or both (Norman, 2013; 
Oberauer & Lewandowsky, 2011; Oberauer, Lewandowsky, Farrell, Jarrold, & 
Greaves, 2012).  
However, there could plausibly be a group of objects that are simultaneously 
perceived as both an integrated relation and as two or more sets of components that 
create that relation. The reason this group of objects may be perceived this way is 
that the perceiver has learned over time that it is important to pay attention to several 
aspects of the object, as well as their relations. As a result, the object is perceived 
simultaneously on both levels and thus, multiple representations are formed. We 
speculate that such multiple representations may be what music, poetry, and 
drawings have in common. Outside of the memory domain, the hypothesis that music 
might be represented as a complex whole as well as its underlying components has 
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been proposed as early as 1873 (as discussed in Schneider, 1997, p. 119). In the 
context of the present study, an integrated melody is an example of the object as a 
‘whole’, whereas particular features such as notes, intervals, or short note clusters 
within the melody are an example of its underlying components. Stimuli that elicit 
multiple representations may have an advantage: if one representation fades below 
the threshold of retrieval, it may still be reconstructed or regenerated by cross-
referencing with other representations. We suggest that regeneration is triggered 
when a single representation is accessed that is below the recognition threshold.  
For example, a person may find it difficult to immediately answer whether 
the first and last tone of Mary Had A Little Lamb are the same pitch (a question that 
tests memory for underlying components). However, the same person may still be 
capable of humming the complete melody of Mary Had a Little Lamb (an example of 
retrieving the integrated whole), which results in the access to information necessary 
to correctly answer the initial question. In this example, if the person is prompted to 
answer quickly, performance may be low. However, if the person is provided with 
additional time to make full use of their integrated representation of the melody as a 
whole, then they should easily regenerate the specific information regarding the 
underlying components and perform the task with relative ease. This conjecture 
predicts that once encoded, such regenerative multiple representations are robust 
against the interference of time (decay) and intervening items, since most of the 
multiple representations would be theoretically required to drop below the 
hypothetical retrieval threshold before retrieval is impossible. The representations 
might be long lasting, though not necessarily permanent. Such an effect would also 
be independent of overall memory performance from one group of stimuli compared 
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to another, since it only describes what might happen to objects once they are 
encoded. Indeed, some stimuli are likely to be harder to encode than others.  
Taken together in the context of melody recognition, this conjecture 
speculates that: (1) melodies consist of underlying perceivable components such as 
notes, intervals, or short note clusters; (2) perceivers have learned that it is important 
to perceive the underlying components of a melody and subsequently form a memory 
representation of them; (3) perceivers have learned how underlying components of a 
melody are related; (4) perceivers are capable of integrating the relational 
dependency into a whole (e.g., a melody). Consequently, multiple representations 
specific to the underlying components of the melody and the melody as an integrated 
whole, are developed; (5) representations in general are subject to forgetting. 
However, if one representation fades, another representation that remains intact can 
regenerate it. ‘Regenerate’ here refers to information that can be retrieved by using 
information in other memory representations, even though the original memory 
representation is lost. The greater number of intact representations, the more resilient 
a memory is likely to be. If and how many multiple representations are formed 
depends on both stimulus properties and observer specifics (e.g., prior knowledge 
and experience). In music, most listeners have likely learned how to integrate 
melodies over years of exposure, but also learned that the individual underlying 
entities of music such as notes and pitch relations are crucial for the formation and 
understanding of such melodies. These melodic expectancies are a candidate-
mechanism for the aforementioned regeneration process, as they help predict what 
comes next in a melody (Margulis, 2005; Pearce, 2014; Schellenberg, 1996) and 
could potentially be used to interpolate forgotten parts of a melody. As a result, the 
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RMR conjecture predicts that the resilience of memory for melody should 
continuously build up as a listener becomes more familiar with the tuning system in 
which it is heard. Training listeners on a new tuning system and continuously testing 
for cumulative disruptive interference could investigate this prediction. Other 
implications of the RMR conjecture are discussed in the following. 
 
2.9.1 Implications of Regenerative Multiple Representations 
The Regenerative Multiple Representations conjecture may also explain why 
an effect of the number of intervening items is observed in photographs of everyday 
objects (Konkle et al., 2010), but not in drawings of everyday objects (Berman et al., 
1991). Drawings may guide attention to the underlying components of a represented 
object, which leads to multiple representations of the object as a whole, as well as its 
underlying components. However, photos of everyday objects would predominantly 
be perceived as the object itself. An additional component unique to the drawing, 
potentially contributing to regenerative events might be the brushstroke style. This 
leads to the testable hypothesis that memory for words written in longhand shows no 
effect of the number of intervening items, while memory for plain printed words 
does. In addition to the representation of a word as its integrated meaning, longhand 
might draw attention to individual strokes (underlying components) and their spatial 
relation to each other, forming another representation of the underlying components, 
whereas plain printed words would for most observers only result in a representation 
of the integrated meaning. Consistent with this, participants can perceive and use 
information related to the mode of production of words in longhand (Babcock & 
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Freyd, 1988; Knoblich, Seigerschmidt, Flach, & Prinz, 2002; Tse & Cavanagh, 
2000).  
At this stage, the RMR conjecture cannot predict exactly how many memory 
representations plain printed words have. However, the RMR conjecture can predict 
that words written in longhand have the same representations that plain printed 
words have, plus additional representations of the underlying strokes and should 
therefore be more resilient to intervening items effects. Interestingly, the RMR 
conjecture also predicts resilience towards cumulative disruptive interference in 
cases that have previously shown such interference, given that the observer forms 
more memory representations. An expert in photography composition, for example, 
is likely to perceive more components of photographs than average naïve observers. 
These additional percepts form additional memory representations, which should 
provide the expert with additional resilience towards cumulative disruptive 
interference.  
The RMR conjecture also predicts the finding of an effect of the number of 
intervening items in words and prose, but not in poetry (Bui et al., 2014; Tillmann & 
Dowling, 2007). Usually, a word is predominantly represented as a whole and 
seldom as its actual underlying components. For example, correct letters in a word 
that are placed at an incorrect position are often perceptually processed as if they 
were in the correct position (Rayner, Pollatsek, Ashby, & Clifton Jr, 2012a). The 
same applies to whole sentences. Usually the meaning is represented while 
individual words are sometimes ‘skipped’ during reading (Rayner, Pollatsek, Ashby, 
& Clifton Jr, 2012b). In poetry, on the other hand, attention may be shifted towards 
the underlying components (e.g., individual words), as they carry greater importance 
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and may be sequenced irregularly. As a result, more representations of underlying 
components, such as underlying words and how they interact with each other, are 
likely to manifest in poetry while still maintaining an overall representation for every 
line, stanza, and the entire poem as an integrated whole. In summary, the degree of 
saliency attributed to different properties of a stimulus is informed by prior 
experience. 
Providing a task that forces participants to focus on underlying elements, the 
whole, or both simultaneously would be a suitable context to test the Regenerative 
Multiple Representations conjecture. Furthermore, one would expect to find similar 
results in domains that also favour multiple representations. One example of such a 
domain is dance. Dance consists of dynamic movement as well as underlying 
postures, and both have been shown to contribute to recognition of contemporary 
dance postures (Vicary, Robbins, Calvo-Merino, & Stevens, 2014).   
 
2.9.2 Regenerative Multiple Representations in Relation to other Memory 
Models  
Regenerative Multiple Representations is similar to previous memory 
theories in so far as it draws from multiple-trace theories (Hintzman, 1984, 1988). It 
also does not challenge global matching models that describe recognition as the 
‘match’ response of memory that reflects a familiarity distribution to a cue (Clark & 
Gronlund, 1996). However, even in-depth memory models such as REM, SLiM, and 
BCDMEM predict interference effects from lags or delays that were not observed in 
the present study’s findings (Dennis & Humphreys, 2001; McClelland & Chappell, 
1998; Shiffrin & Steyvers, 1997).  
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The Regenerative Multiple Representations conjecture also bears 
resemblance to Paivio’s dual-coding theory (Paivio, 1969). It assumes two 
representations (words and images) that assist in retrieval of each other, therefore 
increasing the chance of remembering a stimulus. Regenerative Multiple 
Representations postulate any number of representations, and not necessarily words 
and images. This is important for a theory applied to music or other stimuli where 
multiple representations beyond two are likely. Indeed, Paivio’s dual-coding theory 
could be described as a special case of the present Regenerative Multiple 
Representations conjecture, where prior experience informs our perception to focus 
on words and their associated images.  
The notion of perceptual relevance that is informed by prior knowledge is 
somewhat similar to the notion of pertinence described in D. Deutsch (1986) (see 
also J. A. Deutsch and Deutsch, 1963). Pertinence describes a weighting of a 
perception based on a current situation, as well as long-term factors such as prior 
knowledge. However, while pertinence primarily influences awareness, we suggest 
that perceptual relevance directly influences perception and subsequent formation of 
future memories: a chair that is perceived as an integrated whole will be remembered 
as an integrated whole rather than the underlying components.  
The Regenerative Multiple Representations perspective is speculative, with 
many open questions. For example, how can the relative strength of representations 
be measured? Can perceptual relevance be manipulated to form multiple 
representations and, as a result, facilitate learning and memory encoding? The 
conjecture does allow for many specific and informative predictions and 
mathematical implementations that can be tested in future research endeavours. 
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Ongoing work in our lab has tested and found support for some of the predictions 
made by the RMR conjecture. For example, one hypothesis concerned whether an 
effect of the number of intervening items will manifest if note based melodies are 
played in tuning systems that are completely unfamiliar to participants (e.g., 
microtonalities) (Herff, Olsen, Dean, & Prince, 2017). In this case, listeners should 
still be capable of perceiving some of the underlying component, but may fail to 
integrate the stimuli into perceptually coherent melodies. Based on the RMR 
perspective, the prediction was that the number of intervening items will have a 
significant negative impact on memory performance, because listeners do not have 
the multiple representations necessary to utilize the regeneration process. This 
prediction was supported in Herff, Olsen, et al. (2017). Other predictions of the RMR 
conjecture concerning pitch-only and rhythm-only sequences, rather than combined 
musical melodies, have also been tested and supported in Herff, Olsen, Prince, and 
Dean (2017). 
 
2.10 Conclusion 
Human memory is fallible and prone to interference. In many domains, 
memory performance decreases as the number of intervening items between the first 
and second presentation of a stimulus increases. However, this phenomenon is not 
universal, and music in particular has proven to possess intriguing properties when it 
comes to memory: these were further investigated here. Regardless of whether one or 
195 intervening melodies were presented, performance in all our experiments was 
above chance and not affected by the number of intervening melodies. This finding 
was observed using two different musical corpora. Furthermore, transposition of 
each melody’s repetition left only relative frequency information, yet the number of 
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intervening melodies still did not affect memory for melody. In addition to direct 
recognition, one experiment measured memory for melody in the form of perceived 
familiarity, with results that were consistent with the other findings of the study.  
To explain the findings, we offer a novel yet speculative Regenerative 
Multiple Representations conjecture that bears resemblance to Paivio’s dual-coding 
theory (Paivio, 1969). The conjecture assumes that: previous experience influences 
our perception; perception determines which memory representations are formed; 
memory representations are subject to decay and interference; there are stimuli 
where previous experience informs us to simultaneously perceive these stimuli in 
multiple ways; multiple perception leads to multiple representations; multiple 
representations can regenerate each other, making them resilient to decay and 
interference; melodies in familiar tuning systems belong to the category of objects 
that we simultaneously perceive in multiple ways, such as underlying components 
(e.g., notes, intervals or phrases) as well as an integrated, coherent whole (i.e., the 
melody).  
Future studies investigating these assumptions in the context of music (e.g., 
familiar tonal versus unfamiliar atonal stimuli) as well as temporally dynamic 
domains such as dance (e.g., dynamic movement versus underlying postures) and 
words (e.g., longhand versus printed) will provide empirical evidence or 
counterevidence regarding the Regenerative Multiple Representations conjecture, 
thus facilitating its development into an empirically informed theory of human 
memory that can begin to answer the question: why does the sheer number of 
intervening items have no influence on memory for melody, when it does for almost 
all other memory domains?  
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Chapter 3   
Not-So-Resilient Memory for Melodies 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 3 has been peer reviewed and accepted for publication: 
Herff, S.A., Olsen, K.N., Dean, R.T., & Prince, J. (2017). Memory for melodies in unfamiliar 
tuning systems: Investigating effects of recency and number of intervening items. 
Quarterly Journal of Experimental Psychology.  
Note: Kirk N. Olsen and Roger T. Dean are the author’s supervisors. Jon Prince shared some recently 
collected data that is analysed here. 
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Author note 
At the Australian Music Psychology Conference 2015, I attended Jon Prince’s 
presentation titled: Implicit learning of an artificial grammar structure in pitch 
and/or time. To study statistical learning of artificial grammars in auditory stimuli, 
Dr. Prince required participants to be exposed to auditory stimuli containing 
unfamiliar structures. After the exposure phase, the participants went on to 
participate in a series of different experiments, each deepening our understanding of 
implicit learning of artificial grammar in the auditory domain. 
I realised, however, that the initial ‘exposure’ phase in his experiments 
consisted of a memory paradigm and comprised data that was highly relevant to my 
investigation of memory for melody. After his talk, I approached Jon and asked him 
to share his data. I would like to thank Jon and his co-authors who generously agreed 
to share their exposure-phase data with me. Here, the raw data of Experiment 7 
(Chapter 3) and Experiments 8-10 (Chapter 4) come from an investigation of implicit 
learning in the auditory domain, originally conducted by Jon Prince, Mari Jones, 
Kate Stevens, and Barbara Tillman.  
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3.1 Abstract 
In a continuous recognition paradigm, most stimuli elicit superior recognition 
performance when the item to be recognised is the most recent stimulus (a recency-
in-memory effect). Furthermore, increasing the number of intervening items 
cumulatively disrupts memory in most domains. Memory for melodies composed in 
familiar tuning systems also shows superior recognition for the most recent melody, 
but no disruptive effects from the number of intervening melodies. A possible 
explanation has been offered in a novel Regenerative Multiple Representations 
(RMR) conjecture. The RMR assumes that prior knowledge informs perception and 
perception influences memory representations. It postulates that melodies are 
perceived, thus also represented, simultaneously as integrated entities and also their 
components (such as pitches, pitch intervals, short phrases, and rhythm). Multiple 
representations of the melody components and melody as a whole can restore one 
another, thus providing resilience against disruptive effects from intervening items. 
The conjecture predicts that melodies in an unfamiliar tuning system are not 
perceived as integrated melodies and therefore should: a) disrupt recency-in-memory 
advantages; and b) facilitate disruptive effects from the number of intervening items. 
We test these two predictions in three experiments. Specifically, Experiments 5 and 6 
of this dissertation show that no recency-in-memory effects emerge for melodies in 
an unfamiliar tuning system. In Experiment 7, disruptive effects occurred as the 
number of intervening items and unfamiliarity of the stimuli increased. Overall, 
results are coherent with the predictions of the RMR conjecture. Further 
investigation of the conjecture’s predictions may lead to greater understanding of the 
fundamental relationships between memory, perception, and behaviour. 
	 
  
95 
3.2 Memory for Melodies in Unfamiliar Tuning Systems: Investigating Effects 
of Recency and Number of Intervening Items  
 
Recognition performance in most domains decreases as the number of 
intervening items increases between the first and second occurrence of a target 
stimulus. This phenomenon has been subject to much experimental investigation in a 
variety of tasks using a variety of stimuli, such as digits, letter trigrams, word lists 
and pairs, and faces (Bui et al., 2014; Donaldson & Murdock, 1968; Hockley, 1992; 
Konkle et al., 2010; Olson, 1969; Poon & Fozard, 1980; Rakover & Cahlon, 2001; 
Sadeh et al., 2014). Despite the widespread nature of this effect, increasing the 
number of intervening items does not always lead to decrements in recognition 
performance. In the visual domain, for example, disruptive effects from the number 
of intervening items occur for pictures of everyday objects, but not for line drawings 
of everyday objects (Berman et al., 1991; Friedman, 1990a; Konkle et al., 2010). In 
the auditory domain, disruptive effects are apparent in spoken words and recognition 
of single musical notes, but not for recognition of novel melodies in familiar musical 
tuning systems such as 12-Tone-Equal-Temperatement (12-TET) (Buchsbaum et al., 
2011; Campeanu et al., 2014; D. Deutsch, 1970, 1975; Herff, Olsen, & Dean, 2017).  
For example, Schellenberg and Habashi (2015) investigated how recognition 
memory for melodies in a familiar tuning system decays over time, and found delays 
of up to one week had minimal effects. Complementing Schellenberg and Habashi’s 
results on decay, Herff, Olsen, and Dean (2017) recently investigated interference 
and reported no disruptive effects from the number of intervening items on melody 
recognition using up to 197 intervening melodies. Herff et al. (2017) did, however, 
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find a melody recognition advantage for immediate repetition. Recognition 
advantages for immediate repetition, or recency effects, are commonly observed in 
memory literature as a memory advantage for the last stimulus presented (Berz, 
1995; Dowling, 1973; Greene & Samuel, 1986; Jahnke, 1963; Roberts, 1986). 
However, melodies provide a special case for recency because they consist of a 
sequence of notes. In this case, the last stimulus encountered is always the final note, 
rather than the last melody. To trigger a recency effect, melodies would need to be 
perceived as perceptually integrated entities, rather than just individual notes. 
Previous literature suggests that melodies are indeed perceived as coherent integrated 
wholes (D. Deutsch, 1986; Dowling, 1991; Krumhansl, 1991). Herff et al. (2017) 
have proposed a novel Regenerative Multiple Representations (RMR) conjecture to 
explain why memory for melody not only exhibits recency-in-memory effects, but is 
also not cumulatively disrupted as the number of intervening melodies increases. 
 
3.2.1 Regenerative Multiple Representations in Memory for Melody 
The RMR conjecture combines and generalizes well-established memory 
theories. The conjecture firstly assumes that previous knowledge or experience 
directly influences our perception, and secondly assumes that perception determines 
the formation of future memories. In other words, we learn the most relevant way to 
perceive our environment, perceive objects according to this information, and form 
memories according to the perception. This is analogous to Deutsch’s concept of 
Pertinence (D. Deutsch, 1986; see also J. A. Deutsch and Deutsch, 1965). Pertinence 
is described as a weighting of perception in the form of awareness based on the 
current situation and prior knowledge. We apply this term to memory, inferring that 
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previously learned perceptual relevance directly influences perception itself, and 
therefore influences subsequent formation of new memories based on these 
perceptions.  
Following the assumption that experience directly influences perception, and 
that perception determines the formation of future memories, the conjecture 
postulates the formation of multiple memory representations in cases where prior 
knowledge dictates multiple perceptual relevancies. This is, for example, 
demonstrated in Stroop effects where the written name of a colour and the actual 
colour of a word mutually interfere (Stroop, 1992). This phenomenon would not 
occur if the word was written in an unfamiliar language. In this case, prior 
knowledge cannot inform perceptual integration of the letters in the words into a 
meaningful word.  
The third assumption of the RMR conjecture is a common one: memory 
representations are subject to decay and interference. Memory models often 
implement this process mathematically in the form of a decay parameter, an 
interference parameter, or both (Norman, 2013; Oberauer & Lewandowsky, 2011; 
Oberauer et al., 2012).  
The fourth assumption of the RMR conjecture is analogous to – and a 
generalized form of – Paivio’s dual-coding theory (Paivio, 1969). In the context of 
words and images, the dual coding theory describes exactly two representations that 
assist each other in retrieval, therefore increasing the chance of remembering a 
stimulus. The RMR conjecture generalizes this case and postulates any possible 
number of representations that are not necessarily just words and images. Prior 
knowledge determines the number and nature of representations. This is important 
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for a theory applied to music, where multiple representations beyond two are highly 
likely due to music’s perceptual reliance on multiple levels such as its underlying 
parts (e.g., notes, intervals, phrases), integrations of the underlying parts (e.g., 
coherent melody), socio-cognitive components (e.g., emotions), and motor responses 
evoked by its temporal organization (Barascud, Pearce, Griffiths, Friston, & Chait, 
2016; D. Deutsch, 1986; Krumhansl, 1991, p. 295; Schneider, 1997, p. 119; Zatorre, 
Chen, & Penhune, 2007). Analogous to Paivio’s dual coding theory, RMR assumes 
that multiple representations can regenerate each other. This would mean that once 
encoded, such regenerative multiple representations are robust to the interference of 
time (decay) and intervening items, since multiple representations would be 
theoretically required to drop below a hypothetical retrieval threshold before retrieval 
is impossible. For example, to truly forget a melody beyond recognition, the RMR 
conjecture assumes that not only the representation of the integrated melody, but also 
the representations of all melody-specific underlying components, such as short 
phrases within the melody, need to be inaccessible. A promising candidate 
mechanism for memory regeneration in the context of music is melodic expectancy. 
Due to familiarity with the underlying rules of a music tradition, listeners form 
strong melodic expectancies. These expectancies can be used to predict what comes 
next in a melody (Margulis, 2005; Pearce, 2014; Schellenberg, 1996) and 
theoretically, could also be used to interpolate forgotten parts of a melody. 
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3.2.2 Regenerative Multiple Representations: Implications for Unfamiliar 
Tuning Systems 
Integrating notes, intervals, and short phrases into a coherent melody requires 
familiarity with the underlying rules of how individual components inter-relate (Cui, 
Collett, Troje, & Cuddy, 2015; Saffran, Johnson, Aslin, & Newport, 1999; Schon & 
Francois, 2011; Tillmann & McAdams, 2004). The regeneration process described 
above reduces the disruptive effect of the number of intervening items on melody 
recognition and requires multiple representations of the same melody; 
representations that code – at least partially – overlapping features of the stimulus. 
For example, the representations of a melody’s components (e.g., notes, intervals, 
short phrases) as well as their integrated whole (the melody itself) can have 
redundancy. In order to form a representation of the integrated melody, the melodic 
sequence of notes needs to first be perceived as an integrated melody. This means 
that disrupting the perception of an integrated melody should simultaneously disrupt 
the formation of its memory representation. As a result, the regeneration process 
cannot be fully initiated. In this case, the RMR conjecture predicts stronger 
disruptive effects from the number of intervening items because listeners should only 
perceive and form representations of the melody’s underlying components, and not 
of an integrated melody as a whole. Melodies that are sounded in an unfamiliar 
tuning system are a useful context to test this hypothesis. From classical to modern 
pop-music, the tuning system most Western listeners are familiar with is 12-TET; a 
tuning system that describes a division of a musical octave in 12 equal step sizes. 
However, there are an infinite number of other possible tuning systems. 
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As stated above, listeners presented with melodies in an unfamiliar tuning 
system should perceive and form a representation of a melody’s underlying 
components. However, assuming the listener is unfamiliar with that tuning system’s 
rules and relations between the components required to integrate the melodies into a 
coherent whole, they should not be capable of perceiving large-scale melodic 
structure (e.g., Castellano, Bharucha, & Krumhansl, 1984), thus not forming a 
representation of a melody as a whole. This should affect the regeneration process, 
resulting in a stronger disruptive effect from the number of intervening melodies on 
recognition of melodies composed in an unfamiliar tuning system, relative to 
melodies composed in a familiar tuning system. In other words, recognition 
performance in response to melodies in an unfamiliar tuning system should decline 
as the number of intervening melodies increases. 
Previous research has observed recency-in-memory effects in recognition of 
melodies in the familiar 12-TET tuning system (Berz, 1995; Dowling, 1973; Herff et 
al., 2017). If a melody in a familiar tuning system presented at test was also the 
previously presented melody, then a recognition advantage emerges relative to when 
the tested melody was not the previously presented stimulus. This recency-in-
memory effect suggests that melodies in a familiar tuning system are indeed treated 
as integrated wholes. This is because the recency-in-memory effect is defined as 
enhanced recognition for the last stimulus presented; in this case, the melody as a 
whole. If a melodic sequence of notes is not perceived as an integrated melody, then 
the ‘last stimulus encountered’ is no longer the melody as a whole. Rather, it is most 
likely the last note or at most the last phrase of the melody. As a result, no 
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recognition enhancement for the most recent melody would be expected because the 
most recent stimulus is then no longer defined at the level of the melody as a whole.  
If unfamiliar tuning systems disrupt integration of melodies as a whole (as 
suggested by the RMR conjecture), then no recency-in-memory effect should occur. 
This is because recognition memory in this context can only rely on representations 
of the melody’s underlying components, rather than multiple representations that 
include the melody’s underlying components and the melody as a coherent whole. 
Furthermore, cumulative disruptive effects of the number of intervening items should 
also occur. These hypotheses will be investigated here. 
 
3.3 Aim, Design, and Hypothesis 
The aim of this study is to investigate recency-in-memory and cumulative 
disruptive effects from an increase in the number of intervening melodies in memory 
for melodies using an unfamiliar tuning system. The study closely follows the design 
of previous work investigating these effects using stimuli composed in a familiar 
tuning system (Herff et al., 2017). Here, Experiment 5 tests the early time-course of 
recognition memory for melodies in an unfamiliar tuning system by using a direct 
memory task in a continuous recognition paradigm, and varying the number of 
intervening melodies between immediate repetition (zero) and thirteen. Experiment 6 
provides a close replication of Experiment 5, however with an indirect memory task 
(perceived familiarity). Such a task was chosen because there is evidence that the 
level of task awareness influences some memory for melody phenomena (Gaudreau 
& Peretz, 1999; Halpern & Bartlett, 2010; Halpern & O'Connor, 2000). Experiment 
7 tests whether there are cumulative effects from the number of intervening melodies 
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on melody recognition using up to 107 intervening melodies and two repetitions of 
each melody. 
 
3.4 Experiment 5 – Zero up to Thirteen Intervening Melodies in an 
Unfamiliar Tuning System 
 
3.4.1 Method 
Participants. Thirty-seven undergraduate students were recruited from 
Western Sydney University (Mage = 22 years, SDage = 5.5; 7 male, 30 female). 
Participants were required to have had less than two years of musical training and no 
hearing impairments. Participants did not participate in any of the previous 
experiments (Experiments 1-4). Participants were reimbursed with course credit as 
part of university course requirements.  
 
Stimuli and equipment. Stimuli from all experiments can be found in the 
online supplement S1-Stimuli.zip. The aim of the stimulus generation process was to 
generate melodies within an unfamiliar tuning system. To achieve this, a set of tonal 
melodies that followed the Western tonal tradition were chosen and placed in a 
specially designed tuning system comprising carefully defined similarities and 
dissimilarities to the familiar 12-TET. The original 12-TET stimulus set consisted of 
a mathematically and perceptually tested subset of European folk songs that has been 
used in a previous related study (Herff et al., 2017). Previously, a pilot study 
established the response pattern of a group of listeners to unfamiliar melodies and 
removed any of the original stimuli that showed atypical familiarity response 
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distributions (details in Herff et al., 2017). Here we use the same stimuli but retuned 
to a new unfamiliar tuning system, as described below.  
The construction of the unfamiliar tuning system was based on the following 
principles: Firstly, to ensure that potential effects from the number of intervening 
items can be interpreted as arising from the unfamiliarity of the tuning system, rather 
than contaminated by perceptual difficulties, the smallest possible step in this 
unfamiliar tuning system was made large enough to ensure that two pitches are easily 
discriminated. Pitch interval sizes are commonly measured in log-frequency units 
such as cents because pitch, particularly in a musical context, is more linearly related 
to log-frequency than it is to frequency. 12-TET has step sizes of 100 cents (the term 
step is here used for the interval between adjacent pitches in the tuning system). 
Previous research suggests that pitches separated by 40 cents or more can be 
discriminated approximately as well as those separated by the familiar 100 cents 
(Parncutt & Cohen, 1995).  
Secondly, an equally tempered tuning system was sought, but we did not 
impose any requirement for our novel tuning systems to contain octaves. Typically, 
pitches an octave apart (double or half the frequency) are heard as similar (if not 
identical) and often have the same musical function (D. Deutsch & Boulanger, 1984; 
Krumhansl & Shepard, 1979). One advantage of not privileging octaves in our tuning 
system is that a greater number of equally tempered tuning systems can be 
considered in the following step. In summary, we aimed to develop an equally 
tempered tuning system that minimized perceived similarity to 12-TET by using step 
sizes between 40 and 100 cents, and without prioritization of octave relationships, 
because the RMR predicts larger effects the more unfamiliar a tuning system is.  
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Dissimilarity between tunings systems was assessed using a 
psychoacoustically informed and perceptually tested model of tonal affinity and 
similarity developed by Milne and colleagues, which was first described in Milne, 
Sethares, Laney, and Sharp (2011) and elaborated in Milne (2013). These papers 
present a related family of models of tonal similarity/affinity, one of which (relative 
dyad expectation vectors) can assess the similarity of the interval content of one 
scale or tuning system with the interval content of another, whilst taking into account 
uncertainties of pitch perception.  
The model has one free parameter sigma, which is the standard deviation of a 
Gaussian smoothing kernel applied to the log-frequencies of each scale tone. Sigma 
models the inaccuracy of pitch perception, and a value of six cents was chosen 
because sigma is optimized to approximately six cents when fitted to data from three 
different experiments (Milne & Holland, 2016; Milne, Laney, & Sharp, 2015, 2016). 
When both tuning systems are smoothed in this way, their similarity is determined by 
their cosine similarity, which is 0 when the two systems are orthogonal (maximally 
dissimilar) and 1 when they are identical. 
In order to find the equally tempered tuning that is maximally dissimilar from 
12-TET, a MATLAB routine generated equal temperament tuning systems with steps 
between 40 to 100 cents, using an increment of .01 cents (so the first equally 
tempered tuning system has steps all of size 40 cents, the second system has steps all 
of size 40.01 cents, the third has steps all of size 40.02 cents, and so on until the final 
system with steps of 100 cents). For each tuning system, the routine calculated the 
cosine similarity with the 12-TET system. The tuning system with the highest 
dissimilarity was chosen. Appendix D (p. 265) shows the result of this computational 
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search. This maximally dissimilar equally tempered tuning had steps of size 88.08 
cents, and is denoted 88.08-CET for cents equal temperament. The new 88.08-CET 
shows a cosine similarity of .28058 with the familiar 12-TET system, as measured by 
the tonal affinity model (Milne, 2013; Milne et al., 2011).  
The original melodies were played through the physical synthesis PianoTeq 5 
using the 88.08-CET system. The scala file of the 88.08-CET system can be found in 
the online supplement S1-Stimuli.zip/Experiment5-6/8808cET.scl. The step numbers 
between notes were held constant, mapping the original 12-TET melodies to the new 
88.08-CET tuning system. That means that if in the original melodies a note was two 
step sizes apart from an adjacent note in the sequence, it will still be two step sizes 
apart from the surrounding notes in the new tuning system, even though the size of 
the steps has changed. The result was 50 melodies retuned to an unfamiliar tuning 
system whose rhythms and contours are identical to the Western-tonal melodies that 
previously exhibited recency-in-memory effects on recognition for melodies, yet no 
disruptive effects from the number of intervening melodies (Herff et al., 2017). The 
melodies had a mean duration of 10.80 seconds (SD = 2.29) and consisted of 15 to 78 
notes. An analysis of the melodies can be found in the online supplement S1-
Stimuli.zip/ Experiment5-6/MusicalFeatures.csv, which describes every melody 
along with 21 musical features.4 Melodies were presented diotically in stereo through 
Sennheiser HD 25 headphones using an UA-25 Edirol external USB-soundcard.  
  
                                                
4 Note that the musical features have been calculated on the original versions of the melodies. 
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Procedure. Testing took place in a sound-attenuated booth provided by the 
MARCS Institute, Sydney, Australia. The procedure closely followed Herff et al. 
(2017). Participants provided informed consent and demographic questionnaires 
were administered. Standardized instructions appeared on a computer screen and 
participants were informed that they would hear “many different melodies one after 
another” and that they were required to indicate if “a melody has already been 
presented in this experiment”. Melodies were presented in random order in a 
continuous recognition paradigm (Shepard & Teghtsoonian, 1961). In this task, 
melodies are continuously presented and a response is required after each melody. 
Participants responded using the mouse to click one of two buttons that appeared on 
the screen after the presentation of each melody. One button was labeled “New” and 
the other one “Old”. The “New” button was to be clicked if the first presentation of a 
melody was perceived, and the “Old” button was clicked if a melody was perceived 
as previously presented. Each new trial was initiated as soon as a participant gave a 
response. Unknown to the participant, the number of melodies intervening between 
the two presentations of a given melody varied between 0, 1, 2, 3, 4, 7, and 13. The 
order of melodies and conditions were randomized. Participants completed six 
practice trials, in which they adjusted the volume to their personal preference. 
Testing of the 100 trials took approximately 30 minutes.  
 
Statistical approach. The statistical approach was analogous to previous 
approaches outlined in Herff et al. (2017). Specifically, we used generalized linear 
mixed effects models to investigate the influence of the number of intervening 
melodies on binary melody recognition data (Experiments 5 and 7) (Baayen, 2008; 
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Baayen et al., 2008; Judd et al., 2012; Kass & Raftery, 1995; Kruschke, 2010, 2013; 
Nathoo & Masson, 2016). Furthermore, we used linear mixed effects models to 
analyze continuous familiarity data (Experiment 6). The models were implemented 
in the R software platform (R-Core-Team, 2013) using the lme4 package (Bates et 
al., 2013) and consisted of the experimental fixed factor Number of Intervening 
Melodies. Random effects on Participant and Melody intercepts were included in the 
models (Barr et al., 2013). Coefficient p-values are reported as calculated by lme4 
for generalized mixed effects models and Kenward-Roger corrected for linear mixed 
effects models (Halekoh & Højsgaard, 2014a, 2014b; Kenward & Roger, 1997).  
Significant coefficients were also further assessed in the form of a model comparison 
approach (Kruschke, 2011). Each model with a significant predictor was also 
compared with the same model but without the significant predictor using likelihood-
ratio tests (Wilks, 1938). To ensure that significance was not due to an increase in 
model complexity, differences in Bayes information criteria (Schwarz, 1978) are 
reported in the form of ΔBIC (Kass & Raftery, 1995). A ΔBIC of two or greater is 
assumed “positive” in favor of the model with lower BIC. A ΔBIC difference of six 
or greater is considered “strong” evidence (Kass & Raftery, 1995). 
The possibility of ‘response tendency shifts’ throughout the course of 
recognition experiments is a significant issue that we address in the present set of 
analyses (Berch, 1976; Donaldson & Murdock, 1968; Snodgrass & Corwin, 1988). 
These shifts describe changes in the response bias as an experiment progresses; for 
example, changes in response tendencies due to fatigue. Similar to previous studies 
(Herff et al., 2017; Herff, Olsen, et al., 2017), we trained participant-wise 
generalized mixed effects models on ’old’ responses on first presentations (False 
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Alarm rates) based on trial number. The fitted model was then used to predict the 
probability of pressing ‘old’ on a repetition trial, based solely on trial number. These 
predictions were then implemented as a fixed Dynamic Response Tendency factor in 
all models to account for individual participant response tendencies, and for how 
these tendencies might change over the course of the experiment. Mixed effects 
models also assess whether overall performance in each experiment was at chance. 
Consequently, coefficient Z-scores as well as p-values of the increase in ‘old’ 
responses between first and second melody presentation are reported at the beginning 
of each results section. 
 
3.4.2 Results  
Figure 3.1 shows melody- and participant-wise performance. Overall, 
participants performed significantly above chance (Z = 15.67, p < .0001). A 
generalized mixed effects model was constructed to investigate the first hypothesis 
that melodies in an unfamiliar tuning do not exhibit a recency-in-memory effect. 
This hypothesis was supported. Coefficient estimation for each number of 
intervening melodies showed that no number of intervening items produced 
significantly worse recognition performance than immediate repetition (all p-values 
> .10). Furthermore, a model predicting ‘old’ responses on melody repetitions using 
a random intercept for Subject and Melody, as well as a systematic factor for 
Dynamic Response Tendency (BIC = 2262.9; LogLik = -1116.4), did not significantly 
improve when provided with the Number of Intervening Items (BIC = 2267.8; LogLik 
= -1115.1, p = .103).  
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         Participant-Wise      Melody-Wise 
 
Figure 3.1: Hit rates and false alarm rates in Experiment 5. The left panel shows the data participant-
wise, and the right panel melody-wise. The reference line represents chance level.  
 
Within the tested maximum of 13 intervening melodies, the non-significant 
result from the intervening melodies does not support the second hypothesis that, in 
contrast to Western-tonal melodies, melodies in an unfamiliar tuning system show 
disruptive effects of the number of intervening items. Figure 3.2 depicts recognition 
performance in response to each intervening item condition. 
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Figure 3.2:  Mean hit rates for all seven conditions of intervening melodies in Experiment 5. Error 
bars show 95% confidence intervals. All conditions were statistically identical. The dark line depicts 
mean false alarm rates. The two dotted lines represent a 95% confidence interval around the false 
alarms. The difference between the false alarm rates and the hit rate can be interpretated as bias-
corrected performance. 
 
3.4.3 Discussion 
Experiment 5 aimed to test two hypotheses generated by the RMR conjecture. 
Firstly, the conjecture predicts that melodies in an unfamiliar tuning system do not 
show recency-in-memory effects, unlike melodies in a familiar tuning system. The 
present results supported this hypothesis. Previously, participants showed recognition 
advantages for melodies in a familiar tuning system when the test item was the same 
melody as the previously presented item (Herff et al., 2017); in other words, no 
intervening melodies between the first and second occurrence. The melodies 
presented here in an unfamiliar tuning system did not produce such recency-in-
memory effects. The second hypothesis predicted that melodies in an unfamiliar 
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tuning system show cumulative disruptive effects from the number of intervening 
melodies, whereas melodies in familiar tuning systems do not (cf. Herff, et al., 
2017). This hypothesis was not supported here using 13 intervening melodies. 
Specifically, the number of intervening melodies did not have a disruptive effect 
when retuned to the unfamiliar 88.08-CET system. This result is somewhat 
surprising, but the effect may be due to the small number of intervening melodies (up 
to 13). 
Other auditory stimuli such as words show disruptive effects within this 
range of intervening items (Buchsbaum et al., 2011). However, the melodic sequence 
of notes used here in each melody were still similar to 12-TET in regards to pitch 
contour, rhythm, and the usage of an equally tempered tuning system. This similarity 
could account for some of the resilience in memory that has been previously 
observed using Western tonal melodies. Nevertheless, observing disruptive effects 
when using a greater number of intervening melodies and less familiar melodic 
material than Experiment 5 would provide a more comprehensive test of the RMR 
conjecture. We will address these issues in Experiment 7.  
Alternatively, the findings here could be specific to the direct recognition 
task. Previous literature suggests that the level of task awareness might influence 
memory for melody (Gaudreau & Peretz, 1999; Halpern & Bartlett, 2010; Halpern & 
O'Connor, 2000). Participants in Experiment 5 were fully aware that their memory 
was being tested. It is possible that the here-observed disruption of recency-in-
memory effects is specific for direct recognition and does not generalize to indirect 
measurements of memory. Therefore, Experiment 6 investigates the influence of 
	 
  
112 
intervening melodies on perceived familiarity without informing participants about 
the recurrent nature of the stimuli. 
 
3.5 Experiment 6 – Perceived Familiarity using Zero to Thirteen Intervening 
Melodies 
Rather than direct recognition performance, Experiment 6 utilised an indirect 
memory paradigm: perceived familiarity. Although not directly instructed to perform 
a memory task, participants’ perceived familiarity ratings tended to be higher on the 
second presentation of a melody compared to the first (Herff et al., 2017). An 
increase in perceived familiarity can be used as a proxy of the strength of memory. 
Based on the results of Experiment 5 and the RMR conjecture, no recency-in-
memory effect should emerge from ratings of perceived familiarity. That is, a 
significantly larger increase in familiarity after one intervening item, compared to all 
other intervening items, is not explained by a linear decrease with an overall increase 
in the number of intervening melodies. This hypothesis is investigated here.  
 
3.5.1 Method 
Participants. Twenty-seven undergraduate students were recruited from the 
Western Sydney University (Mage = 24 years, SDage = 10.8, 5 male / 22 female) and 
did not participate in Experiments 1-5. Participants were required to have had less 
than two years of musical training and no hearing impairments. Participants were 
reimbursed with course credit as part of university course requirements. 
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Stimulus. Stimuli were identical to Experiment 5. 
 
Procedure. The procedure closely followed that of Experiment 5. However, 
participants in Experiment 6 were not instructed that they were engaging in a 
memory task and not informed that melodies were repeated throughout the 
experiment. Instead, participants were prompted to indicate “how familiar you 
perceive each melody to be”. Responses were made using the mouse and a vertical 
100-point visual analogue scale with a spatial extent of 10 cm. The scale was 
labelled “familiar” at the top, and “unfamiliar” at the bottom.  
 
3.5.2 Results 
Figure 3.3 shows melody- and participant-wise perceived familiarity on first 
and second occurrences of melodies. Coefficient estimation revealed that 
participants’ perceived familiarity ratings were significantly higher (t = 10.69, p < 
.0001) on second presentations (M = 54.20, SE = 5.85) than on first (M = 44.16, SE = 
5.59).  
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Participant-Wise   Melody-Wise 
 
Figure 3.3: Perceived familiarity raw data for Experiment 6. The left panel shows participant-wise 
differences in perceived familiarity between the first and second occurrence of a melody. The right 
panel shows melody-wise differences. Overall, second presentations of melodies elicited significantly 
higher familiarity ratings than first presentations.  
 
A linear mixed effects model investigated whether the previously observed 
disruption of a recency-in-memory effect with melodies in an unfamiliar tuning 
system also manifests using an indirect memory task. Disruption of a recency-in-
memory effect was indeed observed. Coefficient assessment showed that the number 
of intervening melodies did not elicit statistically different changes in perceived 
familiarity (all p-values > .10). Figure 3.4 shows the mean familiarity ratings for 
each number of intervening melodies. A model predicting the change in perceived 
familiarity between the first and second occurrence of the melodies using a random 
intercept for Subject, and Melody (BIC = 12937; LogLik = -6453.9), did not improve 
significantly when provided with the Number of Intervening Items (BIC = 12942; 
LogLik = -6453.2, p = .225).  
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Figure 3.4: Perceived familiarity raw data for Experiment 6. The light bars show perceived familiarity 
on the first presentations of melodies, and the dark bars show perceived familiarity on the second 
presentations of the associated melodies. Error bars represent the standard error.  Familiarity was 
significantly higher on second presentations. However, there were no statistically significant 
differences between the different conditions of intervening melodies. 
 
3.5.3 Discussion 
Experiment 6 replicated the results of Experiment 5 using an indirect memory 
task. As hypothesized by the RMR conjecture, no recency-in-memory effect for the 
last memory encountered was observed when using melodies in an unfamiliar tuning 
system. This suggests that preventing recency-in-memory effects in memory for 
melody by using an unfamiliar tuning system is not limited to conscious recognition 
task instructions, but instead generalizes to indirect memory task instructions. 
Consistent with Experiment 5 and not supporting the prediction of the RMR 
conjecture, the number of intervening items had no statistically significant disruptive 
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effect. However, the non-significant effect could still be due to the small number of 
intervening melodies (up to thirteen).  
It is also possible that listeners were capable of perceiving the stimuli as 
slight aberrations of melodies in the musical tradition they are familiar with. The 
stimuli used in Experiment 5 and 6 were based on European folk song melodies and 
therefore closely follow Western musical tradition on the basis of many musical 
features (e.g., contour, rhythm, equal temperament tuning). The main difference of 
the stimuli here, when compared with the original melodies in Herff et al. (2017) is 
the step-size of the tuning system. It appears this manipulation was sufficient to 
disrupt the recency-in-memory effect, but potentially the stimuli were too close to 
the familiar tuning system to disrupt integration of the melodies as a whole. 
Experiment 7 therefore investigates cumulative disruptive effects over a larger range 
of intervening melodies, using stimuli that are distinctively different to those that are 
typically familiar to Western listeners. 
 
3.6 Experiment 7 – Disruptive Memory Effects at Larger Numbers of 
Intervening Items 
Experiment 7 investigates the possibility that melodies in a distinctively 
unfamiliar tuning system elicit cumulative disruptive effects over large numbers of 
intervening melodies (beyond the 13 used in Experiments 5 and 6). The data from 
Experiment 7 are from a larger study conducted at Murdoch University, Australia. 
The study investigated statistical learning of artificial grammars in the context of 
music, specifically grammars applied to pitch and rhythm. During the procedure, 
participants were first exposed to melodies in an unfamiliar tuning system. The 
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exposure phase in this project consisted of a continuous recognition paradigm. This 
is the same paradigm that Experiment 5, Experiment 6, and previous studies (e.g., 
Herff et al., 2017) used in the context of melody recognition. After the exposure 
phase, participants completed various follow-up experiments (data not reported 
here). The present investigation analyzed only the recognition data of the exposure 
phase. 
During the continuous recognition paradigm of the exposure phase, 
participants listened to melodies in an unfamiliar tuning system presented three times 
throughout the experiment and provided recognition responses to each melody. The 
large number of intervening melodies (up to 107) and the two repetitions of each 
melody allows us to assess potential cumulative effects from the number of 
intervening items between both first and second, as well as second and third 
presentations of a melody. 
 
3.6.1 Method 
Participants. One-hundred-and-five participants (largely undergraduate 
students) were recruited from the Murdoch University community (Mage = 25 years, 
SDage = 7.5, 36 male / 68 female). Participants’ musical training ranged from 0 to 17 
years (Mtraining = 2.1 years, SDtraining = 3.3, 32 participants with more than 2 years of 
musical training). Participants did not previously participate in Experiments 1-6. 
Participation was either volunteered or reimbursed with course credit. 
 
Stimuli and equipment. The unfamiliar tuning system used here consisted of 
the following pitch heights: 480, 520, 560, 605, and 665Hz. Note durations of 60, 
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110, 550, and 920 ms, with a 100 ms silent gap between notes were used. Melodies 
consisted of five or six notes. All notes were synthesized pure tones with 10 ms 
linear onset and offset ramps. This resulted in melodies that did not conform to 
Western music tradition in rhythm and tonality.5 Durations and pitch discriminability 
was piloted to ensure that all pitch and duration differences were clearly 
discriminable (N = 9).6 Using the tonal affinity model (Milne, 2013; Milne et al., 
2011), this tuning system shows cosine similarity of .16186 to 12-TET and .22268 to 
the 88.08-CET system used in Experiment 5 and 6. This means the unequally 
tempered tuning system used in Experiment 7 is less similar to 12-TET than the 
tuning system used in Experiment 5 and 6. 
 
Procedure. Participants gave informed consent, were seated in front of a 
computer, and completed a short demographic questionnaire. Similar to Experiment 
5, participants were instructed that they would hear many different melodies, one 
after another, and it was their task to indicate whether they had heard a given melody 
in this experiment before. Participants responded by pressing one of two keys on the 
keyboard. The keys were counterbalanced between participants. The presentation 
                                                
5 The melodies were constructed in various artificial grammars, unfamiliar to listeners, which were of 
importance for the later investigation of statistical learning that will be reported elsewhere.  
6 In pitch perception and a standard/comparison task with a silent retention interval, a Weber fraction 
of .04 led to discrimination performance above 90%. The pitch Weber fractions used in the present 
stimuli were between .08 and .10, therefore clearly discriminable. In duration perception, Weber 
fractions of .30 led to discrimination performance above 98%. The duration fractions used in this 
study ranged from .67 to 1.27, therefore also clearly discriminable. 
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order of the melodies was fully randomized. Thirty-seven melodies appeared three 
times throughout the experiment for a total of 111 trials. 
 
3.6.2 Results 
Figure 3.5 shows melody- and participant-wise performance. Overall, 
participants performed significantly above chance (Z = 24.27, p < .0001).7 
 
          Participant-Wise     Melody-Wise 
  
                                                
7 Note that the here observed cumulative disruptive interference between the first and second, as well 
as second and third presentations of the melodies is also observed in both groups when participants 
with fewer or more than two years of musical training are analyzed separately (all p < .05). 
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Figure 3.5: Hit rates and false alarm rates in Experiment 7. The left panels show the data participant-
wise, and the right panels melody-wise. The top row shows data from the first and second 
presentations (i.e., first repetition). The bottom row shows data from the first and third presentation 
(i.e., second repetition). The reference line represents chance level. Overall, performance was 
significantly above chance and higher on the second repetition of the melodies. 
 
A generalized mixed effects model investigated the hypothesis that, in 
contrast to Western-tonal melodies, melodies in an unfamiliar tuning system elicit 
cumulative disruptive effects of the number of intervening melodies. This hypothesis 
was supported between the first and second occurrence of a melody. A model 
predicting ‘old’ responses on melody repetitions using a random intercept for Subject 
and Melody, as well as a systematic factor for Dynamic Response Tendency (BIC = 
4777.2; LogLik = -2372.1), showed a significant improvement when provided with 
the Number of Intervening Items (BIC = 4759.4; LogLik = -2359, p < .0001, ΔBIC = 
17.8).  
The hypothesis was also supported between the second and third occurrence 
of a melody. A model predicting ‘old’ responses on melody repetitions using a 
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random intercept for Subject, and Melody, as well as a systematic factor for Dynamic 
Response Tendency (BIC = 4542.6; LogLik = -2254.8), significantly improved when 
provided with the Number of Intervening Items (BIC = 4532.1; LogLik = -2245.4, p < 
.0001, ΔBIC = 10.5). Figure 3.6 depicts the bias free probability of recognition 
responses as the number of intervening items increased between the first and second, 
as well as second and third presentation of a melody.  
 
 
Figure 3.6: Prediction lines of generalized mixed effects models that predict the probability of bias 
corrected recognition (y-axis) in Experiment 7. The left panel shows the effect of the number of 
intervening melodies between the first and second presentations of the melodies. The right panel 
shows the effect between the second and third presentations. A significant disruptive effect of the 
number of intervening items on bias corrected recognition performance is observed in both periods. 
The grey area around the prediction line represents a 95% confidence interval. 
 
Delay, Number of Intervening Melodies, or Stimuli. We have shown 
cumulative disruptive interference in Experiment 7 but not in Experiment 5 and 6. 
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However, it is not clear whether the effect in Experiment 7 was driven by the larger 
number of intervening melodies, the larger temporal delay between first and second 
presentation of the melodies, or the greater unfamiliarity of the musical system 
behind the stimuli. To disentangle these possible explanations, we conducted a 
secondary analysis of the 1 to 13 intervening melody conditions in Experiment 7. 
Observing cumulative disruptive interference in these conditions would show that the 
effect is due to the stimuli, rather than the larger temporal delay or a greater number 
of intervening items. This is because the stimuli in Experiment 7 are shorter 
compared to those used in Experiment 5 and 6 (thus providing the opportunity to 
exclude greater temporal delay as an explanation). Furthermore, this analysis used 
the same number of intervening melodies (thus providing the opportunity to exclude 
greater number of intervening melodies as an explanation).  
Between the first and second presentation of the melodies, a model predicting 
‘old’ responses on melody repetitions using a random intercept for Subject and 
Melody, as well as a systematic factor for Dynamic Response Tendency (BIC = 
1588.6; LogLik = -779.94), showed a significant improvement when provided with 
the Number of Intervening Items (Coef: -.05, p = .0013)(BIC = 1585.4; LogLik = -
774.77, p = .0013, ΔBIC = 3.2).  
The same was observed between the second and third presentation of the 
melodies, where a model predicting ‘old’ responses on melody repetitions using a 
random intercept for Subject and Melody, as well as a systematic factor for Dynamic 
Response Tendency (BIC = 1625.5 LogLik = -798.4), showed a significant 
improvement when provided with the Number of Intervening Items (Coef: -.01, p < 
.0001)(BIC = 1617.2; LogLik = -790.68, p < .0001, ΔBIC = 8.3).  
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3.6.3 Discussion 
Experiment 7 aimed to investigate cumulative effects at relatively large 
numbers of intervening melodies using an unfamiliar tuning system. It was 
hypothesized that with up to 107 intervening melodies tested here, a cumulative 
disruptive effect of intervening melodies should be observed. Such a disruptive effect 
is common in recognition in general (Bui et al., 2014; Donaldson & Murdock, 1968; 
Herff et al., 2017; Hockley, 1992; Konkle et al., 2010; Olson, 1969; Poon & Fozard, 
1980; Rakover & Cahlon, 2001; Sadeh et al., 2014), but has not previously been 
observed in the context of melody recognition when a familiar tuning system with up 
to 195 intervening melodies is presented (Herff et al., 2017). Experiment 7 supported 
this hypothesis. Participants could perform the task, but a significant disruptive effect 
on recognition performance unfolded as the number of intervening melodies 
increased. This effect was still present when participants’ shifts in response 
tendencies and random effects of melody were accounted for. A secondary analysis 
of the data suggests that the cumulative disruptive effects in Experiment 7 are 
predominantly driven by the stimuli rather than the larger temporal delay or greater 
number of intervening items. 
 
3.7 General Discussion 
In general, a disruptive effect on memory from the number of intervening 
items between first and second presentation of a target stimulus has been observed in 
stimuli from a variety of domains (Bui et al., 2014; Donaldson & Murdock, 1968; 
Hockley, 1992; Konkle et al., 2010; Olson, 1969; Poon & Fozard, 1980; Rakover & 
Cahlon, 2001; Sadeh et al., 2014). However, recognition of melodies in a familiar 
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tuning system does not appear to be affected by commonly reported interference 
from intervening items (Herff et al., 2017). In three experiments, the present study 
further investigated this phenomenon by manipulating the number of intervening 
items between first and second presentation, as well as between second and third 
presentation of target melodies, sounded in an unfamiliar tuning system. A recent 
RMR conjecture (Herff et al., 2017) predicts a disruptive effect of the number of 
intervening items when melodies are presented in an unfamiliar, rather than familiar, 
tuning system. Furthermore, the conjecture predicts no recency-in-memory 
advantage for immediate melody repetition. The results here showed no recency-in-
memory effect for recognition of melodies presented in unfamiliar tuning systems. A 
disruptive effect from the number of intervening melodies was only observed in 
Experiment 7 (up to 107 intervening melodies) and not in Experiment 5 and 6 (up to 
13 intervening melodies). The present findings will now be discussed in the context 
of recency-in-memory and effects from the number of intervening melodies. 
 
3.7.1 Effects from Recency-in-Memory  
Recency-in-memory phenomena describe memory advantages for the last 
encountered item (Jahnke, 1963; Roberts, 1986). In the context of music, such an 
advantage for the last item has been previously demonstrated in recognition of single 
notes as well as melodies in a familiar tuning system (Berz, 1995; D. Deutsch, 1970, 
1975; Dowling, 1973; Greene & Samuel, 1986; Herff et al., 2017). In order to 
explain recognition advantages for the last encountered melody with recency-in-
memory effects, it is necessary to assume that melodies are perceived and 
represented as integrated entities (see Krumhansl, 1991; D. Deutsch, 1986). The 
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RMR conjecture predicts that if a melody is not perceived and integrated as a whole, 
then only a recency-in-memory effect for the last underlying part of a melody 
remains (e.g., single notes or phrases). This was tested here using melodies in an 
unfamiliar tuning system designed to disrupt perception and integration of melodies 
as a whole. 
Specifically, the RMR conjecture assumes that prior experience influences 
perception and that perception directly influences formation of new memories. If 
prior experience does not exist (e.g., of pitch structure in an unfamiliar tuning 
system) and therefore does not inform the process of integrating a melodic sequence 
of notes into a perceptually coherent melody, then no memory representation of a 
perceptually integrated melody will be formed. Instead, memory is based only on 
representations of the melody’s underlying components. As a result of the missing 
representation of an integrated melody, a recency-in-memory effect for the last 
encountered melody should not emerge. The present data support this hypothesis. 
Recognition performance in Experiment 5 was statistically similar between 
immediate melody repetition and up to thirteen intervening melodies. In Experiment 
6, the change in perceived familiarity was also statistically similar. These results also 
support the findings of previous studies that show recency-in-memory effects and 
effects from the number of intervening items on memory for melody are similarly 
captured in direct recognition tasks and indirect perceived familiarity tasks (Herff et 
al., 2017). 
Of relevance to future investigations is an unpublished pilot study conducted 
by the first author that tested the design of Experiment 5 in a small sample (N = 14) 
of high-expertise musicians (> 10 years of formal training), in contrast to the less 
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experienced participants in Experiment 5. Interestingly, the sample of musicians also 
did not show a recency-in-memory effect (see Appendix E, p. 266). Empirical testing 
of populations with varying degrees of musical expertise or exposure to specific 
tuning systems is an important avenue for further research. The RMR conjecture 
predicts that regardless of tuning system, listeners familiar with the system should 
show a recency-in-memory effect, whereas listeners with no experience in the system 
should show no recency-in-memory advantage. This could provide a phenomenon-
driven approach to explore cultural differences in the perception of auditory stimuli. 
 
3.7.2 Effects from the Number of Intervening Melodies  
As predicted by the RMR conjecture, the hypothesized disruptive effect from 
the number of intervening items was observed in Experiment 7. This experiment 
used up to 107 intervening melodies. In contrast, Experiments 5 and 6 investigated 
intervening gap sizes of only up to 13 melodies, and neither produced significant 
disruptive effects from the number of intervening items. Interestingly, in Experiment 
7 disruptive effects from the number of intervening items were observed between the 
first and second and between the second and third presentations of the melodies. 
These results show that, once observed, the effect is fairly robust even when 
repetition strengthens representations. 
The methodological differences between Experiment 7 and the previous 
experiments provide alternative explanations for our findings. First, Experiment 7 
used large numbers of intervening items, whereas Experiment 5 and 6 investigated a 
relatively small number. Second, Experiment 7 used a different melody corpus. The 
melodies in Experiments 5 and 6 were played with a piano timbre and used pitch 
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contours and rhythms common to melodies in familiar music traditions such as 
Western tonal music. In Experiment 7, the melodies were played using pure tones 
rather than a musical timbre. However, this difference in timbre most likely did not 
drive the effects because, so far, only differences in vocal timbre have previously 
been shown to impact memory when compared to other musical timbres (Weiss, 
Vanzella, Schellenberg, & Trehub, 2015). Nevertheless, the effect of timbre on 
memory for melodies is a topic that deserves greater attention in future studies.  
The unfamiliar tuning system utilized in Experiments 5 and 6 was the most 
dissimilar equal-tempered tuning system when compared to 12-TET (within the 
given range specified in 3.4.1). However, it is still an equal tempered tuning system 
and therefore carries some perceptual similarity to 12-TET. Indeed, the cosine 
similarity measures reveal that the non-equal tempered tuning system used in 
Experiment 7 is decidedly more dissimilar to 12-TET than the tuning system used in 
Experiments 5 and 6. Experiment 7 also used a far less musical timbre (pure tones), 
and rhythms were not matched directly to common and familiar rhythms in Western 
tonal music as they were in Experiments 5 and 6. This means that they did not adhere 
to regular metrical structures and overall pitch contour. The stimuli in Experiment 7 
can therefore be defined as far more extreme in terms of unfamiliarity than the 
stimuli in Experiments 5 and 6. It could be that the tuning system in Experiments 5 
and 6 was unfamiliar enough to disrupt recency-in-memory effects, but not 
unfamiliar enough to induce effects from the number of intervening melodies (at 
least when the number was ≤ 13 melodies). The melodies in Experiment 7, being far 
less familiar than those in Experiment 5 and 6, were likely unfamiliar enough to 
disrupt integration entirely.  
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To further investigate which factors may explain the effects reported in 
Experiment 7, we performed a secondary analysis of the 1 to 13 intervening melody 
conditions in Experiment 7. We found cumulative disruptive interference in these 
conditions, even though the stimuli in Experiment 7 were shorter than those in 
Experiments 5 and 6. Intuitively, one could predict that shorter temporal delay 
associated with shorter melodies should lead to less interference, however, another 
explanation is that shorter stimuli are more vulnerable to inference. In general, this 
finding shows that the cumulative disruptive effect in Experiment 7 is indeed 
stimulus-driven, rather than driven by the larger number of intervening melodies and 
the associated greater temporal delay.  
These findings suggest that the issue of listeners’ unfamiliarity with different 
musical features and its effect on recency-in-memory and disruptive effects from 
intervening items is a fruitful future research endeavor. In general, the RMR 
conjecture predicts smaller effects from recency-in-memory and a larger disruptive 
effect from the number of intervening items as a tuning system’s unfamiliarity 
increases. A future systematic manipulation of individual musical features while 
measuring the aforementioned memory phenomena has the potential to shed light on 
fundamental memory processing in general, and how previous experience influences 
perception and formation of subsequent memories in particular. This line of 
investigation has begun by investigating the relative influence of pitch information 
and rhythm information on memory for melodies (Herff, Olsen, et al., 2017), and 
will continue by systematically manipulating individual musical features and their 
associated impact on memory. 
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3.8 Conclusion 
The aim of this study was to deepen our understanding of memory for 
melody by investigating the Regenerative Multiple Representations (RMR) 
conjecture using recognition of melodies in an unfamiliar tuning system. Previously, 
recognition of melodies in a familiar tuning system has shown recency-in-memory 
effects, but not cumulative disruptive effects from the number of intervening 
melodies (Herff et al., 2017). The RMR conjecture predicts opposite findings for 
melodies in an unfamiliar tuning system. The present data supports these predictions 
using direct as well as indirect recognition tasks: no recency-in-memory effects were 
observed, but cumulative disruptive effects from the number of intervening melodies 
in memory for melodies in an unfamiliar tuning system were observed only when the 
number of intervening items increased from 13 up to 107. 
The findings of the present study help advance our understanding of 
memory’s stimulus specificity (Fougnie et al., 2015) by exploring why some 
domains show clear disruptive effects from the number of intervening items, whereas 
others do not. However, future research is needed to investigate precise degrees of 
prior experience and its effect on both recency-in-memory and interference from the 
number of intervening items. Much research is also needed to extend the present 
findings to stimuli beyond the domain of music. Finally, the RMR conjecture appears 
to be a useful conceptual tool to guide future research investigating the critical link 
between prior experience, perception, and subsequent formation of memory 
representations. An investigation of how prior experience influences perception, how 
this perception determines formation of representations, and how these 
representations are then affected by basic memory phenomena has the potential to 
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shed important light on the fundamental relationship between human memory, 
perception, and ultimately, day-to-day behavior. 
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Chapter 4   
Pitch-only and Rhythm-only Sequences 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 4 has been peer reviewed and published: 
Herff, S.A., Olsen, K.N., Prince, J., & Dean, R.T. (2017). Interference in memory for pitch-only 
and rhythm-only sequences. Musicae Scientiae, Advance online publication. 
doi:10.1177/1029864917695654 
Note: Kirk N. Olsen and Roger T. Dean are the author’s supervisors. Jon Prince shared some recently 
collected data that is analysed here. 
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4.1 Abstract 
In human memory, the ability to recognize a previously encountered stimulus 
often undergoes cumulative interference when the number of intervening items 
between its first and second presentation increases. Although this is a common effect 
in many domains, melodies composed in tuning systems familiar to participants (e.g., 
Western tonal music) do not seem to suffer such cumulative decrements in 
recognition performance. Interestingly, melodies in unfamiliar tuning systems do 
show cumulative decrements. This finding has been predicted by a novel 
Regenerative Multiple Representations (RMR) conjecture. The present study further 
explores this phenomenon and the conjecture by investigating pitch-only 
(isochronous rhythm) and rhythm-only (monotone pitch) sequences of melodies in an 
unfamiliar tuning system that previously showed cumulative disruptive effects. 
Experiment 8 replicated previous studies reporting significant interference effects 
from the number of intervening items when melodies use uncommon rhythms and 
are composed in an unfamiliar tuning system. Furthermore, as predicted by the RMR 
conjecture, when rhythmic information was neutralized (Experiment 9), the 
cumulative interference related to the number of intervening items was retained. This 
was also the case when the original pitch information of each melody was 
neutralized, leaving variation only in the rhythmic information (Experiment 10). 
Results are discussed in the context of the RMR conjecture: given converse results, 
the conjecture would have been falsified. However, it currently remains plausible 
and appears to be a useful tool for precise predictions about the link between prior 
experience, perception, and formation of new memories. 
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4.2 Interference in Memory for Pitch-only and Rhythm-only Sequences 
 
In a variety of stimulus domains, recognition of a previously encountered 
stimulus commonly undergoes cumulative disruption as the number of intervening 
items between its first and second presentation increases (Buchsbaum et al., 2011; 
Bui et al., 2014; Campeanu et al., 2014; D. Deutsch, 1970, 1975; Donaldson & 
Murdock, 1968; Hockley, 1992; Konkle et al., 2010; Olson, 1969; Poon & Fozard, 
1980; Rakover & Cahlon, 2001; Sadeh et al., 2014). In the musical domain, however, 
melodies composed in culturally familiar tuning systems (e.g., Western tonal music) 
do not show cumulative decrements in recognition performance as time elapses 
(Schellenberg & Habashi, 2015), nor systematic and cumulative decrements as the 
number of intervening items increases (Herff et al., 2017; Herff, Olsen, et al., 2017). 
Interestingly, interference effects that are due to the number of intervening items are 
observed if melodies are sounded in unfamiliar tuning systems (Herff, Olsen, Dean, 
& Prince, 2017). A Regenerative Multiple Representations (RMR) conjecture has 
been developed to explain this disparity (see below for more detail).  
In the present study, three experiments were designed to further investigate 
the predictions of the RMR conjecture in the context of memory for melodies in 
unfamiliar tuning systems. This was achieved by separating the pitch and rhythmic 
components of the melodies from Herff, Olsen, et al. (2017) and testing for 
cumulative disruptive effects. Here, the components were separated by using a 
constant pitch in the rhythmic-only sequences (i.e., monotone pitch), and a constant 
note duration (i.e., isochronous) in the pitch-only sequences. The RMR conjecture 
would be fundamentally refuted if pitch-only and rhythm-only sequences did not 
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show cumulative disruptive interference when the combined melodies do. However, 
in the present investigation, both sequences independently did show cumulative 
disruptive effects. Before discussing the present experimental manipulations in more 
detail, an overview of the conjecture and its relevance to memory for melody will 
first be presented. 
 
4.2.1 Regenerative Multiple Representations Conjecture 
The RMR conjecture describes a crucial link between prior experience, 
perception, and subsequent formation of memories. Prior experience provides 
information about the most useful way of perceiving our environment (similar to D. 
Deutsch, 1986, see also J. A. Deutsch and Deutsch, 1963). In turn, perception 
influences the formation of memories. In other words, we first learn the most 
relevant way of perceiving our environment. We then perceive objects according to 
this information and form memories according to the perception. Therefore, the 
conjecture assumes that if useful, information from prior experience can change a 
single percept into multiple percepts, depending on the stimulus that is being 
perceived. For example, an empty coffee cup is most usually perceived as a useful 
device to satisfy the need for a refreshing beverage. However, if for some reason an 
individual is in need of a projectile, the coffee cup may be perceived as a potential 
candidate to throw. Affordance theory (Gibson, 1977, 1978) describes the fact that 
humans not only perceive objects as their underlying components such as object 
shape, but also perceive possible actions that can be performed with an object. 
According to the RMR conjecture, however, additional percepts also lead to 
additional memory representations. In the example above, the coffee cup would be 
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perceived as a useful drinking device as well as a potential projectile, leading to 
multiple memory representations of the same coffee cup. Interestingly, the two 
representations would code partially overlapping information, for example the 
weight of the coffee cup. These memory representations are then subject to decay 
(time) and interference (e.g., number of intervening items) (Norman, 2013; Oberauer 
& Lewandowsky, 2011; Oberauer et al., 2012). However, in cases where multiple 
representations code partially overlapping information, the RMR conjecture posits 
that representations can regenerate each other, thus providing resilience to decay and 
interference in the context of memory (similar to the Dual-Coding theory of Paivio, 
1969). 
 
4.2.2 Regenerative Multiple Representations in the Context of Music 
Music in general and melodies in particular provide a rich context in which to 
investigate the RMR conjecture. This is because melodies can be perceived as 
integrated whole melodies, as well as underlying components such as notes, 
intervals, and short phrases (see D. Deutsch, 1986; Krumhansl, 1991, p. 295; 
Margulis, 2012; Schneider, 1997, p. 119). In this case, the RMR conjecture predicts 
formation of multiple representations of a target melody. These multiple 
representations of a melody share some information. For example, representations of 
intervals, short phrases, or a rhythm co-relate to a representation of an integrated, 
coherent melody. Once encoded, the multiple memory representations that co-relate 
in the form of partially overlapping information provide a melody representation 
with resilience towards decay and interference. This resilience could be realized in 
form of strong melody expectancies that listeners form when they are familiar with 
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the underlying rules of a music tradition. Melodic or rhythmic expectancies can then 
be used to interpolate forgotten parts of a melody, similar to how they are used to 
predict what comes next in a melody (Margulis, 2005; Pearce, 2014; Schellenberg, 
1996). 
For listeners encultured in Western music, melodies composed in this 
tradition do not show memory decay effects even after delays of up to a week 
(Schellenberg & Habashi, 2015). In terms of interference, neither recognition nor 
perceived familiarity of such melodies show cumulatively disrupted interference 
effects from intervening items, even with multiple corpora of music and up to nearly 
200 intervening melodies (Herff et al., 2017). In four experiments, Herff et al. (2017) 
presented novel melodies in a familiar tuning system to participants. After each 
melody presentation, participants indicated whether or not they had heard the melody 
in the experiment before. The number of intervening melodies until a target melody 
reappeared was manipulated between zero and up to nearly 200. Participants 
consistently performed significantly above chance. Furthermore, the probability of 
producing a correct recognition judgment was statistically identical between 1 and up 
to nearly 200 intervening melodies. The only exception was zero intervening 
melodies (immediate repetition). However, this pattern does not hold for all 
melodies. 
Take the case of novel melodies composed in an unfamiliar tuning system 
(i.e., incompatible with the Western tonal tradition). As described above, the RMR 
conjecture assumes that knowledge is acquired from past experience. Without this 
experience, listeners cannot use such information to integrate notes, rhythm, 
intervals, and short phrases into coherent musical melodies. As a result, this 
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information cannot influence their perception and subsequent memory 
representation, and no memory representation of the stimulus as an integrated 
musical melody will be formed. 
In this context, the RMR conjecture predicts that melodies in unfamiliar 
tuning systems should elicit cumulative disruption of recognition memory from the 
number of intervening melodies, because they are not integrated into coherent 
memory representations. Indeed, such a cumulative disruption of recognition has 
been observed in a recent study as the number of intervening melodies increased up 
to ~100 intervening melodies (Herff, Olsen, et al., 2017). Three experiments tested 
two unfamiliar tuning systems, and similar to Western tonal melodies, recognition 
performance was ubiquitously above chance. Dissimilar to Western tonal melodies, 
performance decreased as the number of intervening melodies increased. 
This finding provided preliminary evidence for the RMR conjecture and, at 
the same time, motivated further empirical testing of the conjecture that we report 
here. Specifically, we examine cumulative disruption effects for separate 
components of melodies composed in an unfamiliar tuning system. The most obvious 
components to test are the pitch and rhythmic patterns that comprise a melody, as 
these are the primary dimensions of melodic sequences. In an unfamiliar tuning 
system, pitch and rhythmic information should not be integrated into coherent 
melodies and thus should elicit the cumulative disruptive effects described earlier. 
The RMR conjecture predicts that this cumulative disruptive effect should also 
emerge when either pitch or rhythmic information is learned (from pitch-only 
sequences and rhythm-only sequences, respectively: see Figure 4.1 for examples of 
such sequences).  
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To create pitch-only sequences, we present each note in a set of melodies for 
the same duration, keeping all inter-note durations identical and effectively 
neutralizing rhythm information. Note that participants may still perceive rhythm due 
to perceived segmentation that may be evoked by the pitch-sequences’ melodic 
contours (Brochard, Abecasis, Potter, Ragot, & Drake, 2003; D. Deutsch, 1986). 
Nevertheless, the actual temporal placement of notes in all pitch-only sequences was 
identical. 
To create rhythm-only sequences, we present each note in a set of melodies at 
the same pitch (frequency) while retaining its original rhythmic structure, thus 
effectively neutralizing the pitch information. In this context, the pitch- and rhythm-
only sequences may show more interference than the original combined versions 
because there are fewer possible representations for the listeners. However, a lack of 
cumulative disruption on recognition of pitch- and rhythm-only sequences would 
provide strong evidence against the RMR conjecture.  
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Figure 4.1: Example of the stimulus manipulations used in the study. Experiment 8 used melodies 
that consist of a combined melodic and rhythmic sequence. Experiment 9 used the pitch-only 
sequence of the original stimuli. Experiment 10 used the rhythm-only sequence of the original stimuli. 
Note that this figure is only an example of how the stimuli were manipulated. The actual stimuli 
presented in the study were melodies in an unfamiliar tuning system, and with more irregular note 
IOIs, as described in the Methods section.  
 
4.2.3 Memory for Pitch-Only Sequences 
When melodies in a familiar tuning system are separated into their 
component pitch and rhythm sequences, listeners are better at recognizing when they 
hear a pitch-only sequence compared to a rhythm-only sequence (Hebert & Peretz, 
1997; White, 1960). Dowling et al. (1995) conducted a thorough investigation of 
recognition for pitch-only melodies. They used seven-note isochronic melodies but 
no cumulative disruptive effect on recognition was observed with up to 8 intervening 
items. However, recent studies have shown that relatively large numbers (~100) of 
intervening items are required to appropriately assess cumulative disruptive effects 
on recognition of musical stimuli (Herff et al., 2017; Herff, Olsen, et al., 2017). Here 
we investigate relatively large numbers of intervening items as well as melodies in 
an unfamiliar tuning system. 
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Melodies containing their original pitch and rhythm information, composed 
in an unfamiliar tuning system, elicit cumulative disruptive effects on recognition 
(Herff, Olsen, et al., 2017). The RMR conjecture predicts that removing rhythmic 
information from these melodies means listeners will perceive fewer underlying 
components of the melodies upon first presentation, compared to listeners who hear 
melodies with both pitch and rhythm information. Therefore, listeners that hear the 
pitch-only version form fewer representations of the melodies. Consequently, the 
pitch-only sequences should elicit cumulative disruptive effects on recognition from 
intervening melodies. It is this prediction that is tested here in Experiment 9.  
 
4.2.4 Memory for Rhythm-Only sequences 
As mentioned above, pitch information in a melody tends to be a better cue 
for melody recognition than rhythmic information (Dowling et al., 1995; Hebert & 
Peretz, 1997; White, 1960). Nevertheless, rhythms do significantly contribute to 
recognition of melodies. This is demonstrated in higher recognition performance 
when rhythm and melody are combined, compared to conditions where only one 
varies (Hebert & Peretz, 1997). In terms of memory decay, recognition performance 
in response to rhythms decreases in a ‘same-different’ task as the time interval 
between first and second presentation of rhythms increases from 1,000 to 7,250 ms 
(Collier & Logan, 2000). However, literature is sparse in terms of systematic 
investigations of the effect of the number of intervening rhythms on memory for 
rhythms. 
In Experiment 10, we investigate memory for rhythm-only sequences. In the 
context of the RMR conjecture, we test whether there are cumulative disruptive 
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effects of the number of intervening rhythms on memory for rhythm-only sequences. 
The RMR conjecture predicts such disruptive effects by considering that similar to 
pitch-only sequences, rhythm-only sequences should lead to fewer memory 
representations upon first encounter compared to the original melodies.   
Before investigating the influence of pitch (Experiment 9) and rhythm 
(Experiment 10) on cumulative disruptive effects in memory for melody, we first 
conducted an experiment to establish baseline interference effects for the present set 
of melodies composed in an unfamiliar tuning system when the melodies include all 
of their original pitch and rhythm information.  
 
4.3 Experiment 8 – Recognition of Melodies in an Unfamiliar Tuning System  
 
4.3.1 Method 
Participants. Thirty-seven students were recruited from Murdoch University 
(Mage = 25.3 years, SDage = 8.4, male) and received course credit for their 
participation. Participants did not previously participate in Experiments 1-7. The 
mean years of musical training was 1.9 (SD = 3.7).8 
 
Stimuli. In total, thirty-seven melodies were composed in an unfamiliar 
tuning system, consisting of variations of the following pitches: 480, 520, 560, 605, 
and 665 Hz (pure tones with 10ms linear on/off ramps). Each melody had five or six 
                                                
8 The experiments reported here are part of a larger investigation of distributional learning of artificial 
grammars in the context of music. Participants in the present study were subject to various follow up 
experiments that will be detailed elsewhere. 
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notes with variations of note durations of 60, 100, 550, and 920 ms, and constant 
inter-note silent intervals of 100 ms. Neither the rhythm or melodic sequence of 
notes in each melody conformed to the Western tonal tradition. The pitch and 
duration discrimination of adjacent values of the pitch and duration was piloted (N = 
9) and discrimination performance was above 90% for both. The stimuli of all three 
experiments can be found in the Supplemental Material Online section (S1– 
Stimuli.zip).  
 
Procedure. Participants provided informed consent and were instructed that 
they would hear different melodies one after another. Melodies were presented in a 
continuous recognition paradigm in random order (Shepard & Teghtsoonian, 1961). 
Participants were required to indicate which of the melodies have been sounded 
before in the experiment using two keys on a computer keyboard. The keys were 
counterbalanced between participants. One key was always associated with ‘Old’ 
and one with ‘New’. A response of ‘New’ indicated that a melody was heard for the 
first time, and a response of ‘Old’ indicated that the participant believed they had 
previously heard the melody in the experiment. In total, thirty-seven different 
melodies were presented three times each. The number of intervening melodies 
varied between one and 100.  
 
Statistical approach. We used generalized linear mixed effects models to 
investigate the effect of the number of intervening melodies on binary recognition 
data (Baayen, 2008; Baayen et al., 2008; Judd et al., 2012; Kass & Raftery, 1995; 
Kruschke, 2010, 2013; Nathoo & Masson, 2016). The models were implemented in 
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the R software platform (R-Core-Team, 2013) using the lme4 package (Bates et al., 
2013) and consisted of the experimental fixed factor Number of Intervening 
Melodies. Random Participant and Melody variation was taken into account in the 
form of random intercepts. Coefficient and p-values for Number of Intervening 
Melodies are reported for each experiment. Models that show statistically significant 
effects from the Number of Intervening Melodies are further assessed with a model 
comparison approach. We use log-likelihood tests to compare models with the 
experimental factor Number of Intervening Melodies against a similar models 
without the experimental factors of Number of Intervening Melodies (Wilks, 1938).  
In each experiment, mixed effects models assess overall performance by 
comparing recognition in response to the first presentation of each melody with 
recognition in response to their second presentation (Melody Presentation), while 
controlling for random effects of melody and participant. Z-score and coefficient p-
values for Melody Presentation are reported at the beginning of each results section 
to report whether performance in each experiment was above chance.  
Similar to previous research, response tendency shifts were taken into 
account in the form of conservative Dynamic Response Tendency models (Herff et 
al., 2017; Herff, Olsen, et al., 2017). These models account for any shift in 
participant response tendencies as the recognition experiment progresses (e.g., 
Berch, 1976; Donaldson & Murdock, 1968; Snodgrass & Corwin, 1988). For 
example, some participants may always respond ‘old’ when in doubt in the 
beginning of the experiment, however, over the course of the experiment their 
response tendency may change to always respond ‘new’ when in doubt. 
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To take this into account, we use generalized mixed effects models that were 
trained on ‘old’ responses to first melody presentations (False Alarms) as a function 
of trial number. The fitted models were then used to predict the probability of 
pressing ‘old’ on the second presentation of each melody (Hits) as a function of trial 
number. These predictions were then implemented as a fixed factor in the statistical 
assessment of the data.  
  
4.3.2 Results 
Figure 4.2 shows melody- and participant-wise performance. Overall, 
participants performed significantly above chance (Z = 13.85, p < .001). 
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Figure 4.2: Hit rates and false alarm rates in response to melodies in an unfamiliar tuning system used 
in Experiment 8. The left panel shows the data participant-wise, and the right panel melody-wise. The 
reference line represents chance level. Overall, participants performed significantly above chance (see 
text for more detail).  
 
As expected, the number of intervening items between the first and second 
presentation of each melody had a cumulative disruptive effect on melody 
recognition when melodies were sounded in an unfamiliar tuning system. A model 
predicting ‘old’ responses on melody repetitions using a random intercept for 
Participant, Melody, and a systematic factor for Dynamic Response Tendency 
(LogLik = -759.03) improved significantly when provided with the Number of 
Intervening Items (LogLik = -757.00, p = .041). In other words, intervening items 
showed significant cumulative disruption on participants’ melody recognition 
performance (coef = -.008, p = .044). Figure 4.3a shows the modelled probability of 
producing bias-corrected recognition as the number of intervening melodies 
increases between first and second presentation of a melody.  
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Figure 4.3: Prediction lines of generalized mixed effects models that model the probability of bias 
corrected recognition (y-axis) of melodies in an unfamiliar tuning system in Experiment 8. The left 
panel shows the effect of the number of intervening melodies between the first and second 
presentations of the melodies. The right panel shows the effect between the second and third 
presentations. A downward slope indicates cumulative disruptive effects. A statistically significant 
disruptive effect of the number of intervening items on bias corrected recognition performance was 
only observed between the first and second presentation of the melodies. The grey area around the 
prediction line represents a 95% confidence interval. 
 
Interestingly, a disruptive effect of the number of intervening melodies did 
not reach significance between the second and third presentation of the melodies 
(coef = -.0008, p > .05). Figure 4.3b shows the modelled probability of producing 
bias correct recognition as the number of intervening melodies increases between 
second and third presentation of the melodies. 
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4.3.3 Discussion 
The goal of Experiment 8 was to establish baseline interference effects when 
melodies composed in an unfamiliar tuning system include all of their original pitch 
and rhythm information. This design also enabled a replication of findings observed 
in Herff, Olsen, et al. (2017), where cumulative disruption of memory for melodies 
in an unfamiliar tuning system was observed by varying the number of intervening 
melodies. Interestingly, only a partial replication was achieved in the present study. 
Specifically, the predicted disruptive effect on recognition from intervening melodies 
emerged only between the first and second presentation of the melodies, but not 
between the second and third presentation.  
A possible explanation is that the previous studies investigating cumulative 
effects of the number of intervening items incorporated a greater number of 
participants (105 compared to 37, Herff, Olsen, Dean, et at., 2017) or a greater 
number of melodies (110 compared to 37, Herff, Olsen, & Dean, 2017). Thus it 
could be that the present experiment did not provide enough statistical power to 
replicate both effects. It is also worth noting that the Dynamic Response Tendencies 
models that corrected for shifts in response tendencies over the course of the 
experiment resulted in a conservative approach that will have decreased the 
probability of finding significant effects. Nevertheless, Experiment 8 was successful 
in its design to provide a baseline to further test melody recognition and the RMR 
conjecture by using a similar number of participants, melodies, and statistical 
analysis, but with pitch-only sequences (Experiment 9) and rhythm-only sequences 
(Experiment 10). The RMR conjecture predicts that cumulative disruptive effects on 
recognition from the number of intervening melodies is likely to be stronger (or at 
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least equivalent) in sequences where only rhythm or pitch information is available, 
relative to sequences that retain both rhythm and pitch information together. It is this 
prediction that is tested in the following experiments. 
 
4.4 Experiment 9 – Recognition of Pitch-only Melodies in an Unfamiliar 
Tuning System 
 
Experiment 9 investigated disruptive effects from the number of intervening 
melodies on pitch-only versions of the melodies used in Experiment 8. A disruptive 
effect from the number of intervening melodies was hypothesized between the first 
and second presentation of the melodies. If this hypothesis is supported, then the 
findings will provide support for the predictions afforded by the RMR conjecture. 
The absence of a disruptive effect would serve as evidence against the RMR 
conjecture. No clear predictions can be made for disruptive effects of the number of 
intervening items between the second and third presentations. This is because no 
such effect was observed in Experiment 8. Only a condition that showed cumulative 
disruption effects on recognition in Experiment 8 can be used in Experiment 9 and 
10 to test the RMR conjecture. 
 
4.4.1 Method 
Participants. Thirty-four undergraduate students were recruited from 
Murdoch University (Mage = 23.3 years, SDage = 6.2). The mean duration of musical 
training was 2.6 years (SD = 3.0). Participants were not involved in Experiments 1-8. 
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Stimuli. The melodies of Experiment 8 were used, however, the original 
rhythms were removed. All notes in each melody lasted 400 ms with inter-note 
intervals of 100 ms of silence. 
 
Procedure. The procedure was identical to Experiment 8.  
 
4.4.2 Results 
Figure 4.4 shows melody and participant wise performance. Overall, 
participants performed significantly above chance (Z = 11.66, p < .001). 
 
 
Figure 4.4: Hit rates and false alarm rates in response to pitch-only sequences used in Experiment 9. 
The left panel shows the data participant-wise, and the right panel melody-wise. The reference line 
represents chance level. Overall, participants performed significantly above chance (see text for more 
detail). 
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As anticipated, the number of intervening items between the first and second 
presentation of the pitch-only sequences had a cumulative disruptive effect on 
recognition performance. A model predicting ‘old’ responses on melody repetitions 
using a random intercept for Participant, Melody, and a systematic factor for 
Dynamic Response Tendency (LogLik = -792.37) improved significantly when 
provided with the Number of Intervening Items (LogLik = -789.22, p  = .012). In 
other words, the Number of Intervening Melodies showed significant cumulative 
disruption (coef = -.009, p = .012) of participants’ melody recognition. Figure 4.5a 
shows the modelled probability of producing bias-corrected recognition as the 
number of intervening melodies increases between first and second presentation of a 
melody.  
 
  
	 
  
152 
 
Figure 4.5: Prediction lines of generalized mixed effects models that model the bias corrected 
probability of recognition (y-axis) of pitch-only sequences. The left panel shows the effect of the 
number of intervening melodies between the first and second presentations of the melodies. The right 
panel shows the effect between the second and third presentations. A statistically significant 
disruptive effect of the number of intervening items on bias corrected recognition performance was 
only observed between the first and second presentation of the melodies. The grey area around the 
prediction line represents a 95% confidence interval. 
 
Similar to Experiment 8, no significant disruptive effect on recognition 
performance with increasing Number of Intervening Melodies was observed between 
the second and third presentations of the melodies (coef = -.005, p > .05), as depicted 
in Figure 4.5b.  
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4.4.3 Discussion 
Experiment 9 aimed to further test the RMR conjecture by specifically 
investigating possible cumulative disruptive effects from intervening items on 
recognition of pitch-only sequences in an unfamiliar tuning system. In Experiment 8, 
a disruptive effect from the number of intervening items between the first and second 
presentation of the melodies was found when both the original melodic and rhythmic 
information was retained in each melody. A similar result was observed in 
Experiment 9, where the same melodies were used as in Experiment 8, but in pitch-
only versions. This result shows that a disruptive effect on memory for melodies 
composed in an unfamiliar tuning system is still evident when rhythmic information 
is removed (which means less opportunity for multiple representations). This result 
was predicted by the RMR conjecture and shows that reducing the number of 
perceptual experiences does not reduce cumulative disruptive effects. Or put 
differently, less perceptible information of a stimulus (pitch and rhythm combined 
vs. pitch-only) does not reduce cumulative interference from intervening items. 
Similar to Experiment 8, no disruptive effect from the number of intervening 
items was found between the second and third presentation of the melodies. Having 
established the effect of intervening items when melodies in an unfamiliar tuning 
system are presented without their original rhythmic information, we now turn to 
melodies presented without their original pitch information. 
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4.5 Experiment 10 – Recognition of Rhythm-Only Sequences 
Experiment 10 investigates cumulative disruptive effects from the number of 
intervening items in rhythm-only sequences. A cumulative disruptive effect from the 
number of intervening rhythms on rhythm recognition is hypothesized between the 
first and second presentation.  
 
4.5.1 Method 
Participants. Thirty-six undergraduate students were recruited from the 
Murdoch University (Mage = 24.8 years, SDage = 7.7). Average years of musical 
training was 1.2 (SD = 2.8). Participants did not previously participant in 
Experiments 1-9. 
 
Stimuli. The same stimuli from Experiment 8 were used. However, the 
melodies were transformed into rhythm-only sequences by sounding all notes at 566 
Hz (the average pitch of the entire set of melodies). 
  
Procedure. The procedure was identical to Experiments 8 and 9. 
 
4.5.2 Results 
Figure 4.6 shows melody- and participant-wise performance. Overall, 
participants performed significantly above chance (Z = 12.12, p < .001) in 
recognizing rhythm-only sequences. 
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Figure 4.6: Hit rates and false alarm rates in response to rhythm-only sequences used in Experiment 
10. The left panel shows the data participant-wise, and the right panel melody-wise. The reference line 
represents chance level. Overall, performance was significantly above chance (see text for more 
detail).  
 
Consistent with Experiments 8 and 9, the number of intervening items 
between the first and second presentation of the rhythms had a disruptive effect on 
recognition performance. A model predicting ‘old’ responses on rhythm repetitions 
using a random intercept for Participant, Melody, and a systematic factor for 
Dynamic Response Tendency (LogLik = -811.02) improved significantly when 
provided with the Number of Intervening Items (LogLik = -807.98, p = .013). As 
with the previous two experiments, this result shows that intervening items 
cumulatively disrupt participants’ rhythm recognition performance (coef = -.009, p = 
.013). Figure 4.7a shows the bias-corrected modelled probability of recognition as 
the number of intervening items increases between first and second presentation of a 
rhythm. 
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Figure 4.7: Prediction lines of generalized mixed effects models that model the bias corrected 
probability of recognition (y-axis) of rhythms. The left panel shows the effect of the number of 
intervening melodies between the first and second presentations of the melodies. The right panel 
shows the effect between the second and third presentations. Significant disruptive effects of the 
number of intervening items on bias corrected recognition performance were observed in both of these 
comparisons. The grey area around the prediction line represents a 95% confidence interval. 
 
In contrast to Experiments 8 and 9, a disruptive effect on recognition 
performance with increasing number of intervening items was observed between the 
second and third presentations of the rhythms in Experiment 10 (coef = -.007, p = 
.037). A model predicting ‘old’ responses on third presentations of the rhythms 
(LogLik = -726.79) improved significantly when provided with the Number of 
Intervening Items between the second and third presentation (LogLik = -724.67, p  = 
.040). Figure 4.7b shows the modelled probability of producing bias corrected 
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recognition as the number of intervening items increases between second and third 
presentations of a rhythm. 
 
4.5.3 Discussion 
Experiment 10 aimed to provide a further test of the RMR conjecture by 
specifically looking at possible cumulative disruptive effects from intervening items 
on recognition of rhythm-only sequences. As hypothesized, a cumulative disruptive 
effect from the number of intervening rhythms on recognition was observed between 
the first and second presentation of the rhythms. Unlike Experiments 8 and 9, this 
effect was also observed between the second and third presentation of the rhythms. 
Observing such an effect between the second and third presentation using rhythm-
only sequences suggests that memory representations of rhythms alone may be less 
resilient to interference from the number of intervening items than the combined 
rhythmic and melodic sequence.  
 
4.6 General Discussion 
Cumulative disruptive effects from the number of intervening items have 
been observed using a variety of stimuli (Bui et al., 2014; Donaldson & Murdock, 
1968; Hockley, 1992; Konkle et al., 2010; Olson, 1969; Poon & Fozard, 1980; 
Rakover & Cahlon, 2001; Sadeh et al., 2014).  Memory for melodies is also affected 
by these disruptive effects. However, this seems to be the case only when melodies 
are sounded in an unfamiliar tuning system (Herff et al., 2017; Herff, Olsen, et al., 
2017). This finding has been previously predicted by a Regenerative Multiple 
Representations (RMR) conjecture (Herff et al., 2017). The RMR conjecture 
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describes an important link between prior knowledge, perception, and subsequent 
formation of memories. The present study aimed to elucidate further the influence of 
prior knowledge and perception on recognition in the context of the RMR conjecture. 
This was achieved by first establishing baseline interference effects when melodies 
composed in an unfamiliar tuning system included all original pitch and rhythm 
information. We then took these stimuli and separated the original musical content 
into pitch-only sequences and rhythm-only sequences. The RMR conjecture predicts 
cumulative disruptive effects from the number of intervening items for melodies in 
an unfamiliar tuning system (Experiment 8), for their pitch-only sequences 
(Experiment 9), and for their rhythm-only sequences (Experiment 10). 
The main prediction of the conjecture was supported by showing disruptive 
effects from the number of intervening items between the first and second 
presentation of stimuli presented in Experiment 8, 9, and 10. These results will be 
discussed and interpreted in the light of the RMR conjecture. Experiment 9 and 10 
had the potential to falsify the RMR conjecture if no cumulative disruptive effects 
were observed. However, those experiments did show cumulative disruptive effects, 
thus providing preliminary support for the RMR conjecture. 
 
4.6.1 Recognition of Melodies in Unfamiliar Tuning Systems 
Experiment 8 partially replicated the results of the study in Herff, Olsen, et al. 
(2017). In that study, a robust and strong disruptive effect from the number of 
intervening melodies was found between the first and second, as well as second and 
third presentation of melodies in an unfamiliar tuning system. In Experiment 8, we 
observed the same patterns in the results, however only the number of intervening 
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melodies between the first and second presentation of the melodies had a statistically 
significant effect on melody recognition. In the original work, the disruptive effect 
was weaker between the second and third presentations compared to the first and 
second; however, it was still significant. A likely explanation for this quantitative 
discrepancy is that the original study used nearly three times as many participants (N 
= 105) than Experiment 8 here (N = 37). This suggests the importance of large 
sample sizes in studies that aim to investigate cognitive processes measured over 
relatively large numbers of continuous conditions, such as the number of intervening 
items presented here. Nevertheless, the partial replication of the original study, 
namely the significant disruptive effect of the number of intervening melodies 
between the first and second presentation, served its original purpose here of 
providing a baseline to further test melody recognition and the RMR conjecture with 
pitch-only sequences (Experiment 9) and rhythm-only sequences (Experiment 10).  
 
4.6.2 Memory for Pitch-Only Melodies in an Unfamiliar Tuning System 
Experiment 9 used pitch-only versions of the melodies presented in 
Experiment 8. The stimuli were taken from the melodies of Experiment 8 but 
modified to comprise note durations and inter-note onsets that were identical 
between each note. The RMR conjecture predicts cumulative disruptive effects from 
the number intervening melodies for pitch-only sequences in instances where they 
were observed using the original rhythmical melodies. This is because the RMR 
conjecture first assumes that prior knowledge informs perception and perception 
influences formation of memory representations. If prior knowledge informs multiple 
ways of perceiving the same stimulus, then the conjecture suggests that the formation 
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of multiple representations can support or regenerate each other if they code at least 
partially overlapping information. In the context of music, this means that prior 
experience informs perceptual relevance of notes, intervals, short musical phrases, as 
well as an integrated melody as a whole.  
Our results support the RMR conjecture: melodies in an unfamiliar tuning 
system and with uniform rhythmic structure are not integrated as a whole, at least not 
to the extent that is required to recover from disruptive effects from intervening 
melodies. Specifically, the results in Experiment 8 showed a significant decrease in 
recognition performance with increasing number of intervening melodies between 
the first and second presentation of the melodies. Secondly, a cumulative disruption 
between the first and second melody presentations was observed in Experiment 9.  
Therefore, we now have evidence together with that reported in Herff, Olsen, 
et al. (2017) that the use of melodies in an unfamiliar tuning system disrupts 
formation of a coherent representation of an integrated, musical melody. This might 
be because information on how to integrate notes, intervals, and short phrases into 
coherent melodies has not been acquired because of a lack of exposure to the 
unfamiliar tuning system. This finding suggests interesting follow up experiments. 
For example, future research could investigate cumulative disruptive effects in atonal 
melodies. These are melodies that use a familiar pitch set but unfamiliar 
arrangements of these pitches. Due to the unfamiliarity with the tonal-grammar, the 
RMR conjecture also predicts cumulative disruptive effects for atonal melodies, even 
if they incorporate a familiar pitch set. 
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4.6.3 Memory for Rhythm-Only Sequences 
Experiment 10 used rhythm-only versions of the stimuli presented in 
Experiment 8. This means that the stimuli in Experiment 10 were identical to 
Experiment 8, but with the original pitch information removed. Similar to 
Experiment 9, results from Experiment 10 provide support for the RMR conjecture. 
As with the pitch-only sequences used in Experiment 9, the conjecture also predicts 
cumulative disruptive effects on recognition from the number of intervening items in 
instances where they were observed using the original melodies. This prediction was 
supported.  
However, in contrast to Experiments 8 and 9, Experiment 10 also found a 
significant disruptive effect from the number of intervening items between the 
second and third presentation of the rhythms, and not just between their first and 
second presentation. The rhythm-only sequences in Experiment 10 provide less 
perceptible information than the original melodies with both rhythmic and melodic 
information in Experiment 8. This is also the case for the pitch-only sequences in 
Experiment 9. Therefore, the statistically significant disruptive effect on recognition 
of rhythm-only but not pitch-only sequences between the second and third 
presentation of the melodies can be explained by general performance differences 
between memory for rhythms and memory for melodic sequences. That is, memory 
for rhythms in general tends to be worse than memory for pitches (Hebert & Peretz, 
1997; White, 1960). Nevertheless, the findings of Experiment 10 again provide 
further preliminary support for the RMR conjecture.  
Memory for rhythm-only sequences has been thoroughly investigated using 
relatively short intervals of time (~ 10 sec) (Collier & Logan, 2000; Schaal, Banissy, 
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& Lange, 2015). The present study is the first empirical work investigating the 
effects from the number of intervening rhythms on recognition performance for 
rhythm-only sequences over relatively large numbers of intervening rhythms (up to 
100). It is clear from the present study that memory for rhythm-only sequences is 
similar to other stimulus domains that do elicit cumulative disruptive effects from 
intervening items (Bui et al., 2014; Donaldson & Murdock, 1968; Hockley, 1992; 
Konkle et al., 2010; Olson, 1969; Poon & Fozard, 1980; Rakover & Cahlon, 2001; 
Sadeh et al., 2014), at least when the rhythmic structure is relatively unfamiliar to the 
listener.  
 
4.7 Conclusion 
Previous research has shown that melodies in a familiar tuning system show 
no systematic cumulative disruptive effects from the number of intervening items. 
However, melodies in an unfamiliar tuning system do show systematic disruptive 
effects, similar to those observed using many other non-musical stimuli. Here, we 
replicated the previous finding that melody recognition in an unfamiliar tuning 
system is possible with up to 100 intervening melodies, but is still susceptible to 
cumulative disruptive effects as the number of intervening items increases. We 
further extended this finding to rhythm-only sequences and pitch-only sequences in 
an unfamiliar tuning system. The overall pattern of results observed here support the 
predictions of a new and novel RMR conjecture (Herff et al., 2017). 
An important next step for the development of the RMR conjecture into a 
complete theory is to test its applicability with stimuli outside of the musical domain. 
The original rationale of the conjecture was motivated by findings in the domain of 
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music, language, and vision (Herff et al., 2017). So far, only music has been 
investigated from the perspective of the RMR conjecture. Nevertheless, the 
conjecture appears to be a useful tool in which to make precise predictions about the 
link between prior experience, perception, and formation of new memories. 
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Chapter 5   
Memory as a Window into Music Perception 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 5 is currently under peer review:  
Herff, S.A., Dean, R.T., & Olsen, K.N. (submitted). Inter-rater agreement in memory for melody as a 
measure of listeners’ similarity in music perception. Psychomusicology: Music, Mind & 
Brain.  
Note: Kirk N. Olsen and Roger T. Dean are the author’s supervisors. 
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5.1 Abstract 
Music is a cultural universal, yet the individual experience of music can 
strongly differ between listeners. Here, we investigate the similarity of listeners’ 
response patterns in the context of memory for melody and argue that memory can 
serve as a proxy to perception. If music perception is similar across listeners, then 
this similarity should be reflected in similar memory response patterns towards a 
specific melody corpus. We used inter-rater agreement in melody recognition tasks 
as a window into how ‘similarly’ listeners perceive music, and in particular, 
melodies. Specifically, inter-rater agreement of 10 melody recognition experiments 
was analysed and findings indicate inter-rater agreement of up to r ~ .70. However, 
inter-rater agreement was strongly dependent on whether direct recognition or 
indirect recognition in the form of perceived familiarity was measured, with direct 
recognition showing higher agreement among listeners. Furthermore, the specific 
melody corpus and tuning system played a significant role, as did whether melodies 
consisted of pitch-only, rhythm-only, or both pitch and rhythm information. Results 
are interpreted in light of their practical implications for computational models of 
memory for melody. We argue that these findings provide strong evidence that 
mathematical models designed to predict human memory for melody should focus on 
musical features that combine rather than separate components of rhythm and 
melody, and with greater emphasis on musical features that are independent of 
tuning system. 
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5.2 Inter-rater Agreement in Memory for Melody as a Measure of Listeners’ 
Similarity in Music Perception 
 
Music is an integral part of all cultures (Cross, 1999, 2001, 2014), yet 
differences in music traditions around the world are likely to lead to profoundly 
different ways in which listeners perceive music (Nettl, 1977). Even within one 
music tradition, listeners may perceive music differently; for example, due to 
differences in musical expertise (Dean, Bailes, & Dunsmuir, 2014; Herff & 
Czernochowski, in press). The tritone paradox presents an impressive example of 
how music perception can differ between listeners (D. Deutsch, 1991). Listeners are 
presented with alternating notes, half an octave apart. Some listeners perceive this as 
a descending pattern, whereas others perceive it as an ascending pattern.  
However, previous research has shown that there is also considerable 
similarity in the ways listeners perceive music, even across cultures. A study by 
Balkwill and Thompson (1999) tested if Western listeners can identify the intended 
emotion in music from Hindustani raga excerpts. Along the emotional dimensions of 
Joy, Sadness, and Anger, Western listeners could correctly identify the intended 
emotion of these unfamiliar excerpts. Another study using similar labels of perceived 
emotion found that individual differences in music-perceived emotions can be linked 
to personality constructs such as alexithymia (Taruffi, Allen, Downing, & Heaton, 
2017). Focusing on musical features in particular, Prince (2014) found that rhythm is 
one of the largest contributors to perceived similarity in melodies. In that study, 
listeners provided direct feedback on their perception of similarity using a rating 
scale. Other domains such as vision often use indirect measurements such as reaction 
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times as a window into perception of observers (e.g., Wiley, Wilson, & Rapp, 2016). 
However, it is sometimes difficult to take meaningful discrete reaction time 
measurements in response to music, since music is continuous and unfolds through 
time. Here, we suggest an alternative method by using human memory as a window 
into listeners’ perception of music. 
Most theories of human memory assume that memory representations are 
based on perceptual experiences (Dennis & Humphreys, 2001; Hintzman, 1984, 
1988; McClelland & Chappell, 1998; Paivio, 1969; Shiffrin & Steyvers, 1997; 
Tulving, 1972). For example, the first component in the Atkinson-Shiffrin memory 
model is a stimulus input that leads to the sensory register that detects and holds 
sensory information (i.e., a perception) (Shiffrin & Atkinson, 1969). Another 
example is MINERVA 2, which is based on a first experience or event (e.g., a 
perception) (Hintzman, 1984). A recent Regenerative Multiple Representations 
conjecture describes a crucial link between prior experience, perception, and the 
subsequent formation of memories (Herff et al., 2017; Herff, Olsen, et al., 2017; 
Herff et al., 2017). The conjecture suggests that differences in perceptual experience 
should translate to differences in memory representations. Consequently, similarity 
in listeners’ memory response patterns to a specific set of melodies can be seen as a 
window into similarities between listeners’ perception of that specific set of 
melodies. The present study was designed to further investigate the question of how 
similarly listeners perceive music by assessing inter-rater agreement in the context of 
memory for melody. In doing so, one of the primary aims was to quantify perceptual 
similarity between music listeners using a measurement that does not rely on 
emotional labels or semantic descriptions. Specifically, we addressed how inter-rater 
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agreement varies: (1) between melody corpora within the same tuning system; (2) 
between melody corpora with different tuning systems; (3) between direct and 
indirect measurements of memory; and (4) between melodies that consist of pitch-
only sequences, rhythm-only sequences, or both pitch and rhythm information 
combined. These manipulations are discussed in the following. As discussed later, 
we aim for the present results to provide practical information for computational 
models designed to predict memory for melody based on musical features. 
 
5.2.1 Key Manipulations 
Melody corpora with the same tuning system. Even within a given tuning 
and tonal system, there are still substantial differences in musical materials. A simple 
example of this would be the large variety of different musical genres that are 
popular and commonly heard in the Western music tradition. It is possible that the 
degree of similarity in listeners’ perception varies between different music styles, 
even if the tuning system is identical. Here, we address this by analysing memory in 
response to two corpora of music that are both in the tuning system familiar to 
Western listeners, yet are distinctly different in their genre (see Stimulus section). 
 
Melody corpora with different tuning systems. Testing melody corpora with 
different tuning systems is a compelling way of approximating the influence of 
musical enculturation on music perception and cognition (Stevens, 2012). This is 
because dissimilarities in tuning systems are readily apparent between musical 
cultures and most likely influence music perception. Potentially, the degree of 
similarity in music perception between listeners will vary depending on whether or 
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not the melodies use a set of pitch and interval rules that are familiar to listeners. 
Indeed, music traditions come with underlying rules and expectations (D. Deutsch, 
1986; Krumhansl, 1991, p. 295). The degree of similarity in listeners’ perception of 
melodies may not only depend on the exact pitches used, but may also depend on 
whether or not listeners are familiar with these underlying rules and expectations of 
melodies.  
Here, we analyse inter-rater agreement in participants’ memory response 
patterns to melody corpora in three different tuning systems (see Stimulus section). 
Besides the tuning system familiar to Western listeners, we also use a novel tuning 
system that shares many of the underlying rules with the familiar tuning system; 
however, it uses a different pitch set. The third tuning system is a novel tuning 
system that uses unfamiliar rules as well as an unfamiliar pitch set. 
 
Direct and indirect measurements of memory. Explicit information about 
the nature of a memory task can lead to different performances when compared to 
indirect memory tasks (Fleischman et al., 2004; Gaudreau & Peretz, 1999; Halpern 
& O'Connor, 2000). This is also observed in musical memory tasks (Halpern & 
Bartlett, 2010). Here, we analyse inter-rater agreement in direct and indirect memory 
tasks. In a direct task, participants are aware that their memory is being tested. In an 
indirect memory task, participants are not directly informed about the nature of the 
memory task. Considering that indirect memory tasks entail more uncertainty for 
participants than direct task instructions that are often implemented to effectively 
homogenise listeners, we predict that direct memory tasks show higher inter-rater 
agreements than indirect memory tasks. 
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Pitch-only sequences, rhythm-only sequences, or both combined. 
Melodies usually consist of a pitch sequence combined with a rhythmic sequence. 
Generally, it is easier to recognise a melody when hearing its pitch-only sequence 
rather than its rhythm-only sequence (Hebert & Peretz, 1997; Herff et al., 2017; 
White, 1960). However, recognition performance of a melody is best when the 
original combined pitch and rhythmic sequence is presented (Hebert & Peretz, 1997; 
Herff et al., 2017), yet it is important to note that recognition performance and inter-
rater agreement are not necessarily correlated. Indeed, it is possible that multiple 
listeners produce a similar memory-response profile towards a set of melodies, yet 
show low actual recognition performance. The present analysis compares inter-rater 
agreement in memory tasks for melodies that consist of combined pitch and rhythmic 
sequences with inter-rater agreement in memory tasks that test pitch-only sequences 
and rhythm-only sequences.9  
 
5.2.2 Predictive Models of Memory  
In the visual domain, ‘memorability’ of a picture appears to be a stable 
property across human observers. This means that pictures that are more memorable 
for one person are also most likely more memorable for another person (Isola et al., 
2011). In other words, observers show high inter-rater agreement in their memory 
response patterns towards a set of pictures. In Isola et al. (2011), participants were 
split into two groups and the response pattern from one half were correlated with 
those from the other half (r = .75). The correlation coefficient can be squared to 
                                                
9  Note that the present investigation is concerned with similarity in listeners’ responses (for more 
detail on recognition performance for pitch-only and rhythm-only sequences see (Herff et al., 2017). 
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obtain the proportion of variance in the response pattern from one half of participants 
that can be explained by the response pattern from the other half (J. Cohen, 1988).  
 Recently, Flexer and Grill (2016) measured listeners’ inter-rater agreement 
in a music similarity task in an attempt to validate computational models of music 
similarity (based solely on acoustic features). Similar to Isola et al. (2011), they also 
correlated the response patterns from one half of participants with the other half (see 
p. 244). They found average split-half correlations of r = .40. This means that ~16% 
of the variance in the pattern of average responses from one half of participants can 
be explained by the response pattern of the other half. The authors argue that this 
result has implications for computational models of music perception that predict 
average similarity responses to musical material. Specifically, as the inter-rater 
agreement decreases, so does the possible performance of a predictive model. In 
other words, the higher the inter-rater agreement between listeners for a category of 
perceptual response, the more precise a predictive model of that response could 
potentially be.  
 
Predicting Memory for Melodies. Recognition of monosyllabic words can 
be well predicted (up to 45% of the variance in hit rates) using underlying features 
such as word frequency (Cortese, Khanna, & Hacker, 2010). In music, underlying 
melodic features can relate to popularity (Kopiez & Müllensiefen, 2011) and a recent 
study using a blocked indirect recognition design explained between 9.6% and 
25.3% of the variance in the recognition responses using musical features 
(Müllensiefen & Halpern, 2014). Müllensiefen and Halpern (2014) developed 
computational models that predict average recognition performance of melodies 
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based on musical features of the stimuli. Music is a complex stimulus that comprises 
many underlying musical features. These features can be as simple as average pitch 
height or as sophisticated as rhythmic complexity values (Müllensiefen & Halpern, 
2014). Understanding which of these features carry predictive value can shed light 
on which features listeners may use to selectively base recognition judgements, both 
consciously or non-consciously. In the following we will discuss the implications of 
the present work for computational models that, similar to Müllensiefen & Halpern, 
2014, aim to predict average memory performance for melodies based on musical 
features of the melodies.  
One problem with models that use stimulus features to predict memory 
responses is that there are non-stimulus related processes involved in memory. For 
example, variables such as decay over time, emotional associations, attention lapses, 
lack of motivation, fatigue, expertise, or repetition all influence memory for melody 
(Cuddy et al., 2012; Gardiner, Kaminska, Dixon, & Java, 1996; Herff & 
Czernochowski, submitted; McAuley et al., 2004; Samson, Dellacherie, & Platel, 
2009). As a result, it is not always clear how much variance a model using stimulus 
features could potentially explain, and how much variance is due to non-stimulus 
related processes.  
The present investigation aims to shed light on the average proportion of 
variance that a pattern of responses from one group of participants can explain the 
pattern of responses in another group. In general, the higher the proportion of 
explained variance between participant groups, the more promising the predictive 
model that is based on stimulus features. This is because the similarity in the average 
response pattern between participants towards a set of melodies can largely be 
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attributed to stimulus features, or some other constant feature of the experimental 
condition (e.g., this could be the environment, distractors, social circumstances 
experienced by participants, etc.), whereases dissimilarities in the response patterns 
can largely be attributed to non-stimulus related inter-individual differences.  
 
5.2.3 Methods of Testing Memory  
In their investigation of memory for melody Müllensiefen and Halpern 
(2014) used a blocked recognition design. In a blocked design, participants first hear 
a large number of melodies in a learning phase and then, in a test phase, hear new 
melodies mixed with old melodies. Participants then have to decide which melodies 
have been previously presented. This paradigm is a useful tool for memory research 
as it provides a clear distinction between encoding and retrieval. However, everyday 
music recognition does not usually provide a clear separation between encoding and 
retrieval. Rather, for every stimulus encountered, the same question of whether this 
stimulus has been heard before is assessed without specific focus on encoding or 
retrieval. A useful alternative to a blocked design is a continuous recognition 
paradigm (Shepard & Teghtsoonian, 1961). In a continuous recognition paradigm, 
participants are presented with one melody after another throughout the experiment 
and judge if each melody has previously been presented in the experiment. 
Sometimes, a melody is presented that has indeed been presented before. This 
paradigm has the advantage that is does not provide participants with information 
about whether they have to focus on encoding or retrieval (Dowling, 1991). 
In a series of studies using continuous recognition paradigms, Herff and 
colleagues (Herff et al., 2017; Herff, Olsen, et al., 2017; Herff et al., 2017) 
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investigated context variables that might influence melody recognition and might 
blur the predictive power of musical features. Surprisingly, with up to 195 
intervening melodies, these studies demonstrated that the number of intervening 
melodies has effectively no disruptive impact on melody recognition performance 
(Herff et al., 2017). Similar results in the context of temporal decay rather than 
interference have been obtained, showing that temporal delay of up to a week has 
minimal to no disruptive effect on melody recognition (Schellenberg & Habashi, 
2015). 
These findings provide additional motivation for the investigation of the 
predictive power of musical features. This is because decay and interference are 
traditionally two of the major influences on memory (Norman, 2013; Oberauer & 
Lewandowsky, 2011; Oberauer et al., 2012). With the impact of these two variables 
shown to be minimal in memory for melodies, the proportion of variance explainable 
by musical features might be larger than using other stimuli where these two effects 
are important (e.g., words, sentences, prose, pictures, faces, numbers etc.). 
 
5.3 Experiments 
5.3.1 Aim and Rationale  
This paper is an analysis of the combined data obtained by Herff and 
colleagues’ investigations of memory for melody originally published or submitted 
in (Herff et al., 2017; Herff, Olsen, et al., 2017; Herff et al., 2017). The aim of the 
present analysis is twofold. Firstly, we aim to shed light on the question ‘how similar 
is music perception between listeners?’ We use memory as a proxy to address this 
question. We assume that if multiple listeners’ perception of music is similar, then 
	 
  
175 
response patterns (in this case, memory) to particular melody corpora will also be 
similar. Secondly, we aim to investigate how the average proportion of variance that 
a pattern of responses from one group of participants can explain the pattern of 
responses in another group (in other words, inter-rater agreement). The overall goal 
is that the findings will inform future computational models that aim to use musical 
features to predict memory for melody. 
 
5.3.2 Method 
Participants. All participants were recruited from the Western Sydney 
University (Experiments 1, 2, 3, 4, 5, 6) or the Murdoch University (Experiments 7, 
8, 9, 10), Australia. The first six experiments exclusively recruited participants with 
fewer than 2 years of formal musical training and who were not actively participating 
in any form of music. Experiments 7, 8, 9, 10 recruited participants with mixed 
musical background, predominately consisting of non-musicians. The vast majority 
of participants comprised undergraduate university students enrolled in psychology 
courses. 
 
Procedure. All studies analysed here used the same basic continuous 
recognition paradigm. After each melody was presented, participants were required 
to make a response before the next melody started. In eight of the experiments, 
participants were informed that after each melody they should judge whether they 
have heard this melody in this experiment before by pressing a button labelled ‘old’, 
or whether this is the first time they have heard this melody, by pressing a button 
labelled ‘new’. In two experiments, instead of direct memory task instructions, 
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participants were only instructed to indicate perceived familiarity on a 100-point 
visual analogue scale. The increase in perceived familiarity between first and second 
presentation of the melodies provides an indirect approach to measure recognition 
performance. In six experiments, every melody was presented twice throughout the 
experiment (i.e., one repetition). In four experiments, every melody occurred three 
times (i.e., two repetitions). In these cases, results are reported separately for both 
melody repetitions. 
 
Stimuli. A summary of the stimuli characteristics is provided in Table 1. The 
stimuli of all Experiments can be found in the online supplement S1-Stimuli.zip.  
 
Table 5.1: A Summary of Stimulus Characteristics  
Exp NMelodies Duration Sound Tuning system Stimulus Notes 
1 60 12 sec Piano 12-TET, Western 
tonal 
New melodies that 
resemble 
advertisement 
jingles. 
2 55 12 sec Piano 12-TET, Western 
tonal 
From Exp .1 
3 98 10.86 sec Piano 12-TET, Western 
tonal 
European folk 
songs,  
4 98 10.86 sec Piano 12-TET, Western 
tonal 
Same as Exp. 3 
5 50 10.86 sec Piano Novel 88.08-CET  Unfamiliar in pitch, 
but based on Exp. 3 
and 4 
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6 50 10.86 sec Piano Novel 88.08-CET  Same as Exp 5 
7 37 2.695 sec Pure 
tones 
Novel artificial 
tuning 
Unfamiliar in pitch 
and rhythm 
8 37 2.695 sec Pure 
tones 
Novel artificial 
tuning 
Same as Exp. 7 
9 37 2.695 sec Pure 
tones 
Novel artificial 
tuning 
Pitch, based on 
Exp. 7, 8 
10 37 2.695 sec Pure 
tones 
Novel artificial 
tuning 
Rhythm, based on 
Exp. 7, 8 
Note. From left to right, Experiment index, number of different melodies used, average melody 
duration, sound the melodies were realised in, the tuning system used, and additional notes about the 
stimuli.12-TET refers to the 12-tone-equal-temperament tuning system, the tuning system most 
dominant in Western cultures. 88 CET refers to a novel, artificial tuning system that uses a 88 cent 
step equal temperament, rather than the 100 cent in 12-TET. The novel tuning system of Experiments 
7-10 is detailed in the text. 
 
Two experiments used melody corpora that resembled modern advertisement 
jingles, and another two corpora used European folks songs (Herff et al., 2017). This 
means that a total of four experiments used stimuli in 12-tone-equal-temperament 
(12-TET), the tuning system familiar to Western listeners. The other six experiments 
used melodies in unfamiliar tuning systems. Some of the melodies in an unfamiliar 
tuning system were based on the melodies in a familiar tuning system. These 
experiments realised the melodies in a new 88-Cent-Equal-Termparment tuning 
system. The 88-CET tuning system is the equally tempered tuning system most 
dissimilar to the familiar Western tonal system within all 40 to 100-CET tuning 
system systems (Herff, Olsen, et al., 2017) based on the tonal affinity model of Milne 
et al.  (Milne, 2013; Milne & Holland, 2016; Milne, Laney, et al., 2015; Milne et al., 
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2016; Milne et al., 2011). This means that adjacent pitches in the tuning system are 
88 cents apart, rather than the 100 in the Western tonal tuning system. As a result, 
this tuning system uses a different pitch-set, however, the melodies have the same 
contour and rhythm than familiar melodies; only the pitch of each note is adjusted to 
the new tuning system.  
The melodies in Experiment 7 to 10 did not conform to Western music 
tradition in rhythm and tonality (Herff, Olsen, et al., 2017; Herff et al., 2017). The 
melodies used pitch heights of 480, 520, 560, 605, and 665Hz and note durations of 
60, 110, 550, and 920 ms, with a 100 ms silent gap between notes.10 Some 
experiments presented a given set of stimuli either in pitch-only, rhythm-only, or 
combined versions with both pitch and rhythm information. This allows the present 
analysis to compare the contribution of rhythm and pitch sequences to the 
recognition and perceived familiarity response similarity between participants.  
 
Statistical approach. We assess inter-rater agreement (or similarity) in 
recognition by samples of participants towards sets of melodies. To this end, in each 
experiment the average recognition performance for each melody of half the 
                                                
10 In pitch perception and a standard/comparison task with a silent retention interval, a Weber fraction 
of .04 led to discrimination performance above 90%. The pitch Weber fractions used in the present 
stimuli were between .08 and .10, therefore clearly discriminable. In duration perception, Weber 
fractions of .30 led to discrimination performance above 98%. The duration fractions used in this 
study ranged from .67 to 1.27, therefore also clearly discriminable. The melodies were constructed in 
various artificial grammars, unfamiliar to listeners, which were of importance for the later 
investigation of statistical learning that will be reported elsewhere. 
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participant sample was correlated with the average recognition performance of the 
other half towards the same melodies. Specifically, the participant sample was split 
into two-halves and the average hit-rate for each melody was calculated. These 
average hit-rates for each melody were then correlated with the average hit-rates for 
the same melodies by the other half of the sample. To increase estimation precision 
of the average split-half correlation, we repeated this process 1000 times with 
random splits and average split-half correlations with p-values and standard 
deviations reported for each experiment. The p-values and Cohen’s d (J. Cohen, 
1988) were obtained by comparing the vector of actual split-half correlations with a 
vector of split-half correlations in which melody names were shuffled for one of the 
halves. Note that due to the large number of (split-half) observations (1000), most 
effects will show significance. Therefore, we use correlation values as interpretable 
effect sizes and report Cohen’s d as a measure of the effect size in standard 
deviations (J. Cohen, 1988). 
Furthermore, the proportion of variance that the response pattern of one 
group of participants predicts from the response pattern of another can inform 
predictive models of memory that use stimulus features as predictors. Specifically, 
the higher the proportion of explainable variance, the more promising the predictive 
model will be (Flexer & Grill, 2016). Here, we use average split-half r2 as an 
indicator of the average proportion of variance that the response pattern of one group 
of participants predicts in the response pattern of another (J. Cohen, 1988; Flexer & 
Grill, 2016). Average split-half r2 values were calculated by squaring each of the 
1000 split-half correlations and then averaging them (the result is thus normally 
slightly different from simply squaring the r-values in Table 5.2). 
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For each of the 10 experiments, ANOVAs were conducted on the average 
split-half correlations of to investigate potential influences of the factors Task 
Instructions (direct recognition vs. indirect recognition in the form of perceived 
familiarity), Tuning System (familiar vs. unfamiliar), Repetition (first vs. second), 
and Sequence Type (pitch-only vs. rhythm-only vs. both pitch and rhythm combined) 
on inter-rater reliability in the form of average split-half correlations. As noted 
above, due to the large number of split-half correlations, most effects will be found 
significant and effect sizes should therefore be predominantly used for data 
interpretation. Similarly, figures will depict Standard Deviations instead of Standard 
Errors and confidence intervals. This is because with the large number of split-half 
correlations, Standard Errors become too small to be informative in visual 
representations of the data. 
 
5.3.3 Results 
All Experiments yield significant average split-half correlations of melody 
specific recognition with 1000 splits (all p < .0001). A summary of the results can be 
found in Table 2. The table reports average split-half correlations for all 10 
experiments. Note that Experiments 5 and 6 used the same melodies previously used 
in Experiments 3 and 4, however retuned to an unfamiliar tuning system. 
Experiments 4 and 6 used the identical stimuli compared to Experiments 3 and 5, 
respectively, but in an indirect task where participants were instructed to report 
perceived familiarity, rather than direct recognition. Figure 1 shows the split-half 
correlation distributions for each experiment. A wide distribution shows large 
differences between the 1000 split-halves, whereas a narrow distribution represents 
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similar split-half correlations in all 1000 split-halves. Distributions on the far left 
suggest overall low split-half correlations, whereas distributions to the far right 
suggest high split-half correlations. 
 
Table 5.2: Summary of the Results 
Exp N Stimuli Design r SD d r2 
1 28 60, familiar tuning Recognition 
 
.631 .065 5.787 .409 
2 20 55, from Exp .1 Recognition 
 
.561 .071 4.977 .3161 
3 32 98, European folk 
songs, familiar tuning 
Recognition 
 
.322 .067 3.665 .106 
4 30 98, same as Exp. 3 Familiarity 
 
.135 .076 1.506 .023 
5 
 
37 50, unfamiliar tuning, 
based on Exp. 3 and 4  
Recognition 
 
.340 .093 2.829 .134 
6 27 50, same as Exp 5 Familiarity 
 
– .056 .104 .391 .015 
7 105 37, unfamiliar tuning  Recognition 
 
1st .710 
2nd.594 
.063 
.081 
5.372 
4.630 
1st  .510 
2nd .360 
8 36 37, same as Exp. 7 Recognition 
 
1st .613 
2nd .539 
.079  
.087 
4.770 
4.102 
1st  .384 
2nd .294 
9 34 37, pitch-only, based 
on Exp. 7 and 8 
Recognition 
 
1st .146 
2nd .180 
.121 
.120 
1.024 
1.192 
1st  .037 
2nd .049 
10 36 37, rhythm-only, 
based on Exp. 7 and 8 
Recognition 
 
1st .503 
2nd .499 
.094 
.097 
3.673 
3.512 
1st  .258 
2nd .256 
Note. The table depicts from left to right, Experiment index, number of participants, a short 
description of the stimuli, whether participants were instructed explicitly to make a recognition 
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judgement or indirectly by reporting perceived familiarity, average split-half correlations, standard 
deviation of the average split-half correlations, Cohen’s d as effect size (standardised distance to the 
correlations observed when melody names are shuffles in one half of the participants), and the average 
of all squared split-half correlations. Note that Experiments 7, 8, 9, and 10 repeated melodies twice 
throughout the experiments. In these cases, results for both repetitions are reported separately. 
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Figure 5.1: Distributions of split-half correlations in each Experiment. For Experiments 7-10, the 
dashed numbers ‘1’ and ‘2’ shown after the title of each experiment index to the first and second 
repetition of the melodies. 
 
Task Instructions and Tuning Systems.  An ANOVA analysed the split-
half correlations of Experiments 3, 4, 5, and 6 revealing a significant main effect for 
Task instructions (direct recognition vs. indirect familiarity), F(1,3996) = 11375.75, 
p < .0001, ηp2  = .740, Tuning system, F(1, 3996) = 1003.98, p < .0001, ηp2 = .201, as 
well as their significant interaction, F(1, 3996) = 1471.02, p < .0001, ηp2= .269. 
Figure 2 depicts means and standard deviations of the average split-half correlations 
and visualises the two main findings: (1) the indirect familiarity tasks show lower 
split-half correlations compared to the recognition tasks; and (2) the unfamiliar 
tuning system showed slightly higher split-half correlations compared to the familiar 
tuning system. Furthermore, Figure 2 depicts the interaction between Tuning system 
and Task instructions, showing that the familiar tuning system produces higher inter-
rater agreement in the indirect perceived familiarity task compared to the familiar 
tuning system, but this is not observed when a direct recognition task is used. 
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Figure 5.2: Average split-half correlations for the indirect perceived familiarity tasks, the direct 
recognition task and both unfamiliar and familiar tuning systems. Data of Experiments 3, 4, 5 and 6. 
Error bars show standard deviation because standard errors (and confidence intervals) are too small to 
depict due to the large number of split-half correlations. 
 
Repetition, Pitch-only, Rhythm-only, and Combined Sequences. 
Experiments 7 and 8 used melodies in an unfamiliar tuning system presented in a 
direct recognition task. Experiments 9 and 10 used the same stimuli that Experiments 
7 and 8 used, however, Experiment 9 used the pitch-only versions and Experiment 
10 used the rhythm-only versions of the original stimuli. An ANOVA analysed the 
data of Experiments 7, 8, 9, and 10 showing significant effects of Stimulus type, F(2, 
7994) = 14105.06, p < .0001, ηp2 = .779, Repetition (F(1, 7994) = 88.88, p < .0001, 
ηp2 = .011, and their significant interaction, F(2, 7994) = 328.88, p < .0001, ηp2 = 
.076. The small effect sizes observed for the main effect of Repetition and the 
interaction make the significant Stimulus type factor the most relevant finding from 
this analysis. Figure 3 shows average split-half correlations in regards to the different 
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types of stimuli after the first and second repetition. Overall, rhythm-only sequences 
show higher average split-half correlations (Mr = .501, SDr = .096) than the pitch-
only sequences (Mr = .163, SDr = .122). The combined melodies show more 
explainable variance (Mr = .614, SDr = .099) than did their underlying pitch and 
rhythmic sequences separately. 
 
 
Figure 5.3: Average split-half correlations for both melody repetitions and all three kinds of stimuli; 
the original melodies in an unfamiliar tuning system that consisted of a combined pitch and rhythmic 
sequence, as well as underlying pitch and rhythmic sequences tested separately in a new sample. Data 
of Experiments 7, 8, 9, and 10. Error bars show standard deviation because standard errors (and 
confidence intervals) are too small to depict due to the large number of split-half correlations. 
 
5.3.4 Discussion 
The present study analysed the memory response patterns of listeners to 
various melody corpora from 10 different experiments. We calculated the inter-rater 
agreement of memory recognition between participants. Assuming that listeners’ 
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similarity in memory response patterns is primarily driven by perceptual similarities 
between listeners, we investigated the extent to which listeners’ music perception 
converges. We observed some striking similarities between listeners with inter-rater 
agreement of up to r = 71. The highest average inter-rater agreement we observed is 
similar to those in other domains (e.g., monosyllabic recognition, r  = .70 in Cortese 
et al. (2010), and picture recognition, r = .75 in Isola et al. (2011). However, average 
inter-rater agreement significantly varied based on memory task instructions, tuning 
system, and the nature of the stimuli (pitch-only, rhythm-only, both combined).  
In light of these main findings, the degree of listeners’ similarity in music 
perception as well as the implications for predictive models of melody recognition 
will now be discussed in the context of the influence of melody corpora, the 
influence of memory task instructions, the influence of tuning system, and the 
relative contribution of rhythm and pitch information to stability of memorability of 
melodies. 
 
The Influence of Melody Corpora. Within the Western-tonal experiments 
analysed in the present study, there was a large similarity between listeners’ 
recognition response patterns. However, the degree of agreement varied between 
corpora, even though these corpora used melodies in the same tuning system. A new 
corpus resembling modern advertisement or movie themes (Experiments 1 and 2) 
showed higher inter-rater agreement than a corpus of European folk songs 
(Experiment 3). This suggests that similarity in listeners’ perception of music 
changes as a function of the precise auditory material. Depending on the melody 
corpus, listeners are therefore likely to be very similar in the way they perceive the 
	 
  
188 
music. More precisely, it suggests that similarity in music perception decreases and 
memory response patterns diverge as the musical style of a melody corpus becomes 
less familiar. This is because music from advertisements and movie themes are likely 
to be more familiar or more easily remembered for Australian listeners than 
European folk songs. 
The similarity between participants’ recognition judgements also informs 
computational models that aim to predict average memory responses using musical 
features as predictors (similar to Müllensiefen & Halpern). By squaring the split-half 
correlation coefficients and then averaging them, we calculated the proportion of 
variance that the response pattern from one group of participants explains of the 
response pattern from another group (J. Cohen, 1988; Flexer & Grill, 2016). In 
Experiment 1, the present results show that an average proportion of up to ~40% of 
the variance can be explained by the response pattern of another group of 
participants. This suggests that the endeavour to develop musical feature models that 
predict recognition patterns to a substantial degree is a feasible one, as a large 
proportion of the variance seems to be stimulus driven. This assertion is based on the 
rationale that a large proportion of the unexplainable variance between two groups of 
participants that perform the same task is based on inter-individual differences, 
whereas a large proportion of the variance that can be explained is based on stimulus 
features. In a practical context, we argue that higher the proportion of explained 
variance between two participant groups, the more promising the predictive model 
will be when memory is predicted by stimulus features within the music.  
The wide range of variance that can be explained (10% to 40% in 
Experiments 1,2, and 3) for responses within the Western melody corpora, also 
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shows that the potential usefulness of predictive feature models depends on the exact 
melody corpus. As the corpora that approximated pop music or advertisement 
melodies elicited greater inter-rater agreement in memory responses when compared 
to traditional European Folk melodies, the present results point towards future 
questions. Specifically, future research could address the question of the influence of 
genre familiarity on similarity in listeners’ perception. However, such an endeavour 
should be wary of differences in sample expertise. Groups with high levels of 
musical expertise may have a different response profile. In general, it is to be 
expected that the more homogenous a participant sample is in regards to musical 
expertise, the more similar their responses will be. As a result, this would increase 
the proportion of explainable variance, but simultaneously make predictive models 
less generalizable. In terms of the generalizability of a predictive model, it is also 
important to consider the precise memory task utilised. 
 
The Influence of Memory Task. The present investigation analysed data of 
multiple experiments that deployed identical melody corpora but different memory 
tasks. All experiments analysed here used a continuous recognition paradigm, but in 
some experiments participants were instructed that some melodies would be repeated 
throughout the experiment, and therefore they were required to report which 
melodies had been presented before (direct memory task). In other experiments, 
participants were instructed to just rate their perceived familiarity towards the 
melodies (indirect memory task). Even though sometimes the same overall memory 
phenomena can be demonstrated in both the indirect and direct memory tasks (Herff 
et al., 2017; Herff, Olsen, et al., 2017), it is clear from the present findings that the 
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different tasks elicit significantly different inter-rater agreement in response to the 
same melody corpora. Memory responses were more similar between participants in 
the recognition task than the perceived familiarity tasks, even though the same 
melodies were used. This finding is not surprising considering that indirect 
paradigms may introduce additional participant-wise variation that comes with the 
uncertainty of task instructions; nevertheless, it is worth noting for future 
experiments and analyses.  
The substantially smaller inter-rater agreement reported here between groups 
of participants in the indirect memory task also indicates less potentially explainable 
variance for musical feature models designed to predict perceived familiarity. This 
suggests that modelling recognition instead of perceived familiarity may be a more 
effective endeavour when aiming to explain large proportions of variance. These 
results also suggest that future investigations utilising indirect measures of memory 
(such as increases in perceived familiarity between melody occurrences) to build 
predictive models of melody recognition might not be as fruitful as they intuitively 
seem. Interestingly, the effect size from comparing differences in the average split-
half correlations between first and second melody repetitions (Experiments 7-10) 
was negligibly small (ηp2 = .011). This means that the degree of inter-rater agreement 
(not the performance) is hardly affected by the additional melody repetition, 
suggesting that a small number of additional melody repetitions do not increase 
similarity between listeners’ perception of a piece. More empirical attention, 
however, will be useful to evaluate models that utilise tuning system-independent 
musical features as the basis of their memory response predictions. 
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The Influence of Tuning System. The present investigation comprises 
experiments that presented melodies in the tuning system familiar to participants and 
tuning systems that were unfamiliar to participants. Importantly, Experiments 4 and 
5 used stimuli directly based on Experiment 3, only detuned into an unfamiliar 
tuning system. As a result, many musical features such as rhythm and pitch contour 
in the stimulus set were identical between these experiments. Interestingly, inter-rater 
agreement was comparable between these two corpora. In fact, the agreement was 
slightly higher for the unfamiliar tuning. This difference is significant but 
comparably small (ηp2 = .201). Consequently, we interpret the results conservatively 
and conclude that we did not find meaningfully greater inter-rater agreement for the 
unfamiliar tuning system compared to the familiar tuning system. This result 
suggests that the degree of similarity in listeners’ music perception does not change 
dramatically with tuning system per se, but rather, with the musical features that are 
unaffected by the tuning system.11 Consequently, it may be that a large proportion of 
the explainable variance in memory for melodies might be due to musical features 
that are independent of tuning system (such as melody contour). This observation has 
direct implications for future models aiming to predict melody recognition, as 
musical features that evoke similar perceptual responses in listeners’ may also carry 
large proportions of predictive power. Further support that underlying musical 
                                                
11 We found further support for this interpretation in a post-hoc analysis. We used the same average 
correlation procedure to correlate the response patterns in Experiment 3 (Western tonal) with 
Experiment 5 (melodies based on Experiment 3 but played in an unfamiliar tuning system). We found 
similar average-split-half correlations between Experiments 3 and 5 (r = .234, SD = .118), relative to 
those within Experiment 3 (r = .32, SD = .067) and within Experiment 5 (r = .34, SD = .09). 
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features might predict melody recognition performance, even outside the domain of 
familiar tuning systems, can be observed from the data of Experiments 7 and 8. 
These experiments used a different unfamiliar tuning system and show proportions 
of explainable variance of ~37%. Therefore, the present findings suggest that the 
intrinsic predictive power of stimuli for memory for melody might not derive from 
familiarity with the underlying tuning system, but instead from musical features that 
operate independent of tuning system. 
 
The Influence of Rhythm and Pitch Sequence. The unique composition of 
stimuli used in Experiments 7, 8, 9, and 10 allow some additional conclusions. 
Experiments 9 and 10 used the same stimuli as Experiments 7 and 8. However, 
Experiment 9 provided participants solely with pitch-only versions of the stimuli and 
Experiment 10 used rhythm-only versions of the original stimuli in Experiments 7 
and 8. This means that Experiments 7 and 8 provide a baseline in which to compare 
responses to combined rhythm and pitch sequences with pitch (Experiment 9) or 
rhythm (Experiment 10) sequences separately. Interestingly, the degree of similarity 
in listeners’ response pattern was higher in the rhythm-only sequences compared to 
the pitch-only sequences. Furthermore, the degree of similarity was much higher in 
the combined sequences than the results from the two individual sequences would 
suggest.  
More specifically, the proportion of explainable variance in melody 
recognition performance in the pitch-only sequences tested here is around 4%. The 
rhythm-only sequences, on the other hand, show around 26% explainable variance 
with significantly higher inter-rater agreement between listeners. This is important 
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from at least two perspectives. Firstly, pitch-only sequences are often reported to be 
more memorable than rhythm-only sequences (Hebert & Peretz, 1997; White, 1960). 
The present analysis does not challenge these findings, but rather suggests that 
participants show higher inter-rater agreement in their recognition judgements 
towards pure rhythmic sequences compared to pure pitch sequences. The present 
findings are in line with reports that rhythms are one of the main contributors to 
perceived similarity in melodies (Prince, 2014). Secondly, rhythm-only sequences 
show ~26% and pitch-only sequences ~4% explainable variance in the memory 
response patterns. However, combining the same rhythmic and pitch sequences into 
coherent melodies results in more than 38% of the variance potentially explained. 
 These results suggest that there are remarkable interactions between rhythm 
and pitch for listeners’ similarity in perception. A candidate-mechanism for these 
interactions could be the bilateral guidance of attention and phrase perception in 
rhythm and pitch. For example, rhythms can guide attention to specific parts of a 
melody and vice versa (Jones & Boltz, 1989; Jusczyk & Krumhansl, 1993; Palmer & 
Krumhansl, 1987; Schmuckler & Boltz, 1994). More importantly, such interactions 
appear to have similar effects between perceivers. Considering that these apparent 
interactions appear to account for a large proportion of the explainable variance of 
melodies, future attempts to predict memory for melody should investigate musical 
features that reflect interactions of rhythm and melodies. This finding also appears 
intuitive in the context of the Regenerative Multiple Representations conjecture, 
which asserts that multiple perceptual experiences lead to multiple memory 
representations (Herff et al., 2017; Herff, Olsen, et al., 2017; Herff et al., 2017) and 
prior knowledge informs how and if these representations are integrated into a 
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coherent whole representation. Given that our participants all derived from a similar 
cultural background (Australian), it can be assumed that the way in which they 
integrate additional information into a coherent new melody representation would be 
similar. In turn, this would explain why multiple representations increase perceptual 
similarity between observers. 
 
5.4 Conclusion 
The present study analysed the data of 10 melody recognition experiments. 
Here, we used inter-rater agreement in the memory response patterns of listeners as a 
window into similarity of music perception. The results revealed striking similarities 
in listeners’ memory response patterns, which we conclude is evidence of 
similarities’ in listeners’ perception of music. This conclusion is grounded in a new 
and developing Regenerative Multiple Representations conjecture that describes a 
crucial link between prior experience, perception, and subsequent formation of new 
memories (Herff et al., 2017; Herff, Olsen, et al., 2017; Herff et al., 2017). The 
findings reported here also reveal factors that influence the degree of similarity in 
listeners’ memory for melodies, such as the influences of the particular melody 
corpora, tuning systems, testing paradigm, and whether melodies consisted of pitch-
only, rhythm-only, or both pitch and rhythm information combined. 
Furthermore, by examining inter-rater agreement in memory for melodies 
between listeners, this study also aimed to inform predictive models of melody 
recognition that use musical features as predictors. Overall, results suggest that 
future models that aim to predict melody recognition based on musical features 
should carefully consider the precise task instructions given to the participants and 
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focus on musical features that describe the interaction between rhythm and melody, 
as well as musical features that are tuning-system independent. A model that can 
predict melody recognition beyond those variables using the commonalities in the 
predictive power of musical features would provide a strong framework for future 
research endeavours that not only aim to predict memory for melody, but memory 
for complete musical pieces.  
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Chapter 6   
General Discussion 
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6.1 General Discussion 
Memory is stimulus specific (Fougnie et al., 2015). As a complex, dynamic 
real-world stimulus, music in particular has intriguing properties when it comes to 
memory (Bailes, 2007, 2015; Baird & Samson, 2014; Chazin & Neuschatz, 1990; 
Colley, 2016; Cuddy & Duffin, 2005; Halpern & Bartlett, 2011; Jacobsen et al., 
2015; Schulkind, 2009; Smith, 1985; Williams, 2015). The results presented here 
support these two statements once again. We collected and analysed the data of 10 
experiments to investigate cumulative disruptive effects in memory for melody, 
specifically in melody recognition. Commonly in a recognition task, an increase in 
the number of intervening items until a stimulus is presented a second time leads to 
cumulative disruptive effects on recognition performance (Bui et al., 2014; 
Donaldson & Murdock, 1968; Hockley, 1992; Konkle et al., 2010; Nickerson, 1965; 
Olson, 1969; Poon & Fozard, 1980; Rakover & Cahlon, 2001; Sachs, 1967; Sadeh et 
al., 2014). We showed that melodies in a familiar tuning system do not show 
cumulative interference, whereas most other stimuli do (Chapter 2 To explain this 
result, we proposed a novel Regenerative Multiple Representations (RMR) 
conjecture (in 2.9). The RMR conjecture describes a crucial link between prior 
experience, perception, and subsequent formation of memories and predicts that 
melodies in unfamiliar rather than familiar tuning systems should show the common 
cumulative disruptive effects. We tested, supported, and replicated this prediction: 
melodies in unfamiliar tuning systems do show cumulative disruptive interference 
(Chapter 3 as well as 4.3). The RMR conjecture also predicts that if a combined 
stimulus type, such as a melody consisting of a pitch and rhythmic sequence in an 
unfamiliar tuning system, shows cumulative interference, so must the individual 
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components as well. We tested this assumption and as predicted, both pitch 
sequences and rhythmic sequences of unfamiliar melodies show cumulative 
disruptive effects on recognition (Chapter 4 In a final step, we analysed the data of 
all experiments together to assess the degree of agreement between participants’ 
recognition judgements (Chapter 5 In the following, we discuss the main findings 
and implications of this dissertation.   
 
6.1.1 Overview of Main Findings 
Resilient Memory for Melodies. From the perspective of memory, melodies 
are remarkable. Involuntary music imagery (e.g., ‘ear-worms’) shows how persistent 
memory for melody can be (Bailes, 2007, 2015; Halpern & Bartlett, 2011; Williams, 
2015). The selective sparing of memory for melody in some forms of dementia and 
severe brain injures (Baird & Samson, 2014; Cuddy & Duffin, 2005; Jacobsen et al., 
2015; Schulkind, 2009) adds to the assertion by some researchers that memory for 
melody might be ‘special’ (Jackendoff & Lerdahl, 2006; Schulkind, 2009; Stevens, 
2015). In controlled laboratory studies, memory for melodies shows resilience 
towards the effect of temporal decay (Schellenberg & Habashi, 2015). The findings 
of four experiments reported here in Chapter 2 complement past findings of music’s 
resilience towards temporal decay (Schellenberg & Habashi, 2015) by showing that 
memory for melody has remarkable resilience to interference. With up to nearly 200 
intervening melodies, memory for melodies in a familiar tuning system does not 
show the cumulative disruptive effects that are so often observed using other stimuli 
(Bui et al., 2014; Donaldson & Murdock, 1968; Hockley, 1992; Konkle et al., 2010; 
Nickerson, 1965; Olson, 1969; Poon & Fozard, 1980; Rakover & Cahlon, 2001; 
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Sachs, 1967; Sadeh et al., 2014). However, we also observed distinct memory 
phenomena in memory for melody that are identical to the majority of studies that 
measure memory in response to other stimuli. 
For example, a recency-in-memory effect, which refers to a significant 
recognition advantage for the last item encountered, is widely observed with most 
stimuli (Berz, 1995; Dowling, 1973; Greene & Samuel, 1986; Jahnke, 1963; Roberts, 
1986). Results reported here show that this specific memory phenomenon is also 
prevalent in memory for melodies in a familiar tuning system (Chapter 2 The last 
melody encountered (zero intervening melodies) shows significantly better 
recognition performance than other melodies that, as discussed above, all show 
similar recognition performance, regardless of the number of intervening melodies. 
Interestingly, both of these memory phenomena – that is, a lack of a cumulative 
disruptive effect from the number of intervening items and a recency-in-memory 
effect – were reversed when listeners are presented with melodies in an unfamiliar 
tuning system. 
 
Not-so-Resilient Memory for Melodies. The findings discussed above are 
not ubiquitous for all melodies. Indeed, if melodies are played in unfamiliar tuning 
systems such as those in Experiment 7 (Chapter 3 then the usual cumulative 
disruptive effects are observed. Furthermore, no recency-in-memory advantage 
materialises.  
Experiment 1 and Experiment 2 (melodies in a familiar tuning system) in 
Chapter 2 show clear advantages for immediate melody recognition, whereas 
Experiment 5 and Experiment 6 (melodies in an unfamiliar tuning system) in Chapter 
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3 show no distinct recognition performance peak for zero intervening melodies. In 
Chapter 3 we also demonstrate that these effects are shaped by how closely a tuning 
system resembles a familiar tuning system. 
Experiments 5 and 6 used a tuning system that is unfamiliar, but still 
resembled the familiar 12-TET tuning system in so far as it also used an equal 
temperament (88-CETs). Furthermore, Experiments 5 and 6 used the same stimuli 
from Experiments 3 and 4, but adjusted to the new unfamiliar tuning system. As a 
result, many musical features of the stimuli, such as pitch contour, were likely to be 
familiar to the listeners in Experiments 5 and 6, even though the overall pitch set was 
unfamiliar. The unfamiliar tuning system in Experiments 5 and 6 disrupted the 
recency-in-memory effect that was previously observed with melodies in a familiar 
tuning system. However, the similarities between stimuli in Experiments 5 and 6, 
and Experiments 3 and 4, was close enough to still provide melodies with some 
resilience to cumulative disruptive effects. This can be seen by the lack of 
cumulative disruptive interference within the first 13 intervening melody conditions 
in Experiments 5 and 6. Experiment 7, however, used stimuli that were even less 
familiar in regards to pitches as well as rhythms when compared to those used in 
Experiments 5 and 6. As a result, we observed cumulative disruptive interference in 
Experiment 7, even within the first 13 intervening melody conditions.  
On a side note that might be relevant for future research, we collected pilot 
data with a high musical expertise group. It appears that even musicians do not show 
recency-in-memory effects in response to melodies in an unfamiliar tuning system 
(this pilot data is shown in Appendix E, p. 266). Future research could further 
investigate the role of expertise in cumulative interference in memory for melodies in 
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an unfamiliar tuning system. Instead of further investigating the role of expertise, the 
present project followed the path of investigating the importance of melodies’ 
underlying components; specifically, pitch and rhythmic sequences. 
 
Pitch and Rhythmic Sequences. Pitch and rhythmic sequences are two of 
the main components of melodies. As mentioned above, we found cumulative 
disruptive effects from the number of intervening items using melodies in an 
unfamiliar tuning system (Experiment 7 in Chapter 3 and Experiment 8 in Chapter 4 
Using the same stimuli split into their underlying pitch-only sequences (Experiment 
9 in Chapter 4 and rhythm-only sequences (Experiment 10 in Chapter 5 we observed 
the same effect. Both unfamiliar pitch-only sequences and uncommon rhythm-only 
sequences show cumulative disruptive effects on recognition performance as the 
number of intervening sequences increased. This also suggests that if a combined 
stimulus, for example a simple melody that consists of a pitch-sequence and a 
rhythmic sequence, shows cumulative disruptive interference, then so does its 
underlying components. 
The present investigation was also the first to investigate long-term rhythm 
recognition. Rhythm recognition has only been previously investigated in-depth at 
relative short delays (~ 10 sec)(Collier & Logan, 2000; Schaal, Banissy, et al., 2015). 
Here we demonstrated that even uncommon rhythms can be recognised significantly 
above chance, even after large numbers of intervening items. However, memory for 
rhythms (uncommon ones at least) seems to be subject to cumulative disruptive 
effects from intervening items.  
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The inverted memory phenomena (no recency-in-memory effect but 
cumulative disruptive interference) in melodies in unfamiliar tuning systems 
compared with melodies in familiar tuning systems seems puzzling on the surface. 
Existing and well-established memory theories usually predict clear decay and/or 
interference curves (Dennis & Humphreys, 2001; McClelland & Chappell, 1998; 
Norman, 2013; Oberauer & Lewandowsky, 2011; Oberauer et al., 2012; Shiffrin & 
Steyvers, 1997). In circumstances where no such curves were observed, such as 
poetry, the temporal and rhythmic properties of the stimulus may be responsible for 
the lack of decay or interference (Tillmann & Dowling, 2007). This makes sense, 
considering that both poetry and music unfold over time and usually have a rhythmic 
dimension (Jackendoff & Lerdahl, 2006). Yet, this would not explain the resilience 
to cumulative disruptive effects in memory for drawings, relative to photographs 
(Berman et al., 1991; Friedman, 1990a; Konkle et al., 2010). Furthermore, the 
temporal-rhythmical account cannot explain why melodies in an unfamiliar tuning 
system show cumulative disruptive interference, whereas melodies in a familiar 
tuning system do not. This is especially the case when one considers that the 
melodies in a familiar tuning system in Experiments 3 and 4 and the melodies in an 
unfamiliar tuning system in Experiments 5 and 6 used the exact same rhythms. In 
addition, the rhythm-only sequences in Experiment 10 in Chapter 4 also show 
cumulative disruptive effects, which is also at odds with a purely 
temporal/rhythmical account of this phenomenon. In an attempt to explain these 
findings and provide testable predictions such as those found in 2.9.1, a novel RMR 
conjecture was developed.  
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6.1.2 Theoretical Implications of the Dissertation 
The Regenerative Multiple Representations Conjecture. The RMR 
conjecture draws from several key experimental findings and established memory 
theories (e.g., the Dual-coding theory of Paivio, 1969). One key finding that inspired 
this conjecture is that words and photographs show cumulative disruptive 
interference, whereas poetry and drawings, similar to our findings with melodies, do 
not (Berman et al., 1991; Friedman, 1990a; Konkle et al., 2010; Tillmann & 
Dowling, 2007). An intriguing commonality between the stimuli that do not show 
cumulative disruptive effects are strong interdependent connections between 
underlying components that are integrated into a coherent whole in a ‘process of 
perceptual synthesis’ (D. Deutsch, 1986). Indeed, music, poetry, and drawings seem 
to be perceived as underlying components that are integrated into a coherent whole. 
Importantly, both the underlying components and the coherent whole are 
remembered. It is argued here that this is a crucial difference between music, poetry, 
and drawings, all of which show resilience towards cumulative disruptive effects 
from intervening items, and their counterparts of spoken words, prose, and 
photographs, all of which do show cumulative disruptive effects. It appears that in 
stimuli such as spoken words, prose, and photographs, a memory representation is 
formed for the integrated whole, whereas the underlying components are rapidly 
forgotten (Babcock & Freyd, 1988; D. Deutsch, 1986; Knoblich et al., 2002; 
Krumhansl, 1991, p. 295; Rayner et al., 2012a, 2012b; Schneider, 1997, p. 119; Tse 
& Cavanagh, 2000). So why might we remember only the coherent whole for some 
stimuli, but remember a coherent whole as well as the underlying components for 
other stimuli? 
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We suggest the reason lies in prior experience. Over the course of a lifetime 
we learn the most relevant way of perceiving a stimulus (Goldstone, 1998). A similar 
conception has previously been described as pertinence, a weighting of a perception 
based on a current situation, as well as a long-term factor such as prior knowledge 
(D. Deutsch (1986) (see also J. A. Deutsch and Deutsch, 1963). Indeed, experimental 
studies show that prior knowledge influences and guides perception (Malmberg & 
Annis, 2012). Returning to why this is relevant for the lack of cumulative disruptive 
effects in music, poetry, and drawings, we suggest that these are all stimuli in which 
we have learned to pay close attention, not only to the integrated whole, but to the 
underlying components. For example, in prose, the semantic information is by far the 
most important information; underlying words are of less relevance (Rayner et al., 
2012b). In poetry, on the other hand, the precise underlying wording is similarly 
important to the overarching semantic and affective meaning. Details and further 
examples are discussed in 2.9. Given that prior knowledge informs multiple 
perception of stimuli like music, poetry, and drawings, which in turn, leads to 
multiple memory representations, the question remains: Why does this process lead 
to increased resilience towards cumulative disruptive effects? Interestingly, the 
suggestion that multiple representations assist in retrieval has been proposed in the 
past, and a large corpus of research supports that claim. This is further discussed in 
2.9.2.  
In summary, the RMR conjecture combines previous experimental results and 
memory theories to describe a crucial link between prior knowledge, perception, and 
formation of new memories. The conjecture is speculative but does allow some 
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precise predictions that can guide research. Some of these predictions were tested 
over the course of this doctoral research. 
 
Testing the RMR conjecture. The RMR conjecture asserts that prior 
knowledge informs the process of perception. For example, we perceive the 
underlying components of a melody and because we are familiar with the ‘rules’ 
(that is, the statistical occurrence) of how melodies’ underlying components inter-
relate, we form an integrated, coherent representation of the melody as a whole (Cui 
et al., 2015; Saffran et al., 1999; Schon & Francois, 2011; Tillmann & McAdams, 
2004). However, if we are not familiar with these rules, the RMR conjecture predicts 
that we cannot form a representation of the melody as an integrated whole. 
Furthermore, the RMR conjecture postulates that it is multiple representations of the 
melodies that provide memory for melody with the resilience towards cumulative 
interference observed in Chapter 2 This means that disrupting the formation of 
integrated representations of a simple melody should disrupt the previously observed 
resilience towards cumulative interference. This also means that it should be possible 
to disrupt perception and thus representation of a melody as a whole, by presenting 
melodies in a tuning system unfamiliar to the listener. We tested this prediction, and, 
as previously discussed, this is precisely what we observed in Chapter 3 as well as 
Section 4.3. This lends preliminary support to the conjecture, motivates further 
empirical testing and sheds light on why memory for music is ‘special’.  
 In Chapter 4 we reported a series of experiments that had the potential to 
fundamentally falsify the RMR conjecture. If melodies in an unfamiliar tuning 
system that consist of a combination of underlying components (pitch-sequence and 
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rhythm-sequence) show cumulative disruptive interference, then following the RMR 
conjecture, so must the underlying components when tested separately. This is 
because the underlying components separately provide fewer possible percepts and 
memory representations. This hypothesis was tested and supported. Currently, the 
RMR conjecture is capable of making clear, falsifiable predictions. It is a useful tool 
to inspire further research, especially in, but not limited to, the domain of music 
perception. The next section provides an overview of some of the RMR conjecture’s 
testable predictions that future research can address. 
 
6.1.3 Future Directions  
Future Directions Within the Domain of Music. Atonal melodies provide 
an intriguing middle ground between melodies in a familiar tuning system and 
melodies in an unfamiliar tuning system. This is because atonal melodies can utilise 
the pitch set familiar to listeners, yet may not follow the hierarchical rules that 
characterize the Western tonal tradition. The RMR conjecture predicts stronger 
cumulative interference for atonal melodies relative to melodies in a familiar tuning 
system. Furthermore, comparing cumulative interference in memory for melodies in 
an unfamiliar tuning system with such effects in atonal music would deepen our 
understanding of the independent contribution of prior low-level perceptual 
experience (familiarity with a pitch-set and specific intervals) and prior higher-level 
statistical experience (the hierarchical rules underlying a music tradition) to memory. 
This is because, in relation to melodies in a familiar tuning system, atonal melodies 
‘only’ disrupt the benefits of higher-level prior experience with underlying rules, not 
necessarily prior low-level experience with a specific pitch-set and intervals. 
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A novel, unfamiliar tuning system like the system used in Experiment 7, 
however, disrupts the usefulness of both prior experience with the pitch set used in 
the Western music tradition, as well as the underlying rules common to this tradition. 
The data from Experiments 5 and 6 complements such new data with atonal 
melodies. This is because in Experiments 5 and 6, we utilised melodies in an 
unfamiliar tuning system that used an unfamiliar pitch-set, but the statistical rules 
were identical to those used in the Western tonal tradition. 
Given that the RMR conjecture emphasises the influence of prior experience 
on perception, the resilience of memory for melodies to cumulative disruptive effects 
should arise in unfamiliar tuning system as listeners get used to that tuning system. 
This prediction could be tested in a cross-cultural context. For example, listeners 
familiar to the western tuning tradition should show cumulative disruptive effects for 
melodies in other music traditions. Whereas listeners that are only familiar with the 
music tradition of their culture should show cumulative interference for melodies in 
the Western tradition. Furthermore, as these listeners become more familiar with 
other cultures’ musical traditions, the magnitude of cumulative disruptive effects 
should slowly decrease (some support for this can be found in Kessler, Hansen, & 
Shepard, 1984). 
In an international collaboration we are currently planning to investigate 
another prediction as a result of this dissertation and our work on the RMR 
conjecture. This international project aims to critically investigate the crucial link 
between prior experience, perception, and formation of memory postulated by the 
RMR conjecture. In this project, we are planning to develop a novel experimental 
paradigm. The paradigm aims to utilise auditory perceptual illusions (e.g., virtual and 
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spectral pitches, see Seither-Preisler et al., 2007). A stimulus set will be crafted 
where information about the nature of the illusion fundamentally changes perception 
from random sounds to a coherent melody. Participants performed a memory task 
where only one half of the participants were provided information about the 
perceptual illusion. The RMR conjecture predicts that participants who are provided 
with additional information about the stimuli that will help form multiple memory 
representations will subsequently show less cumulative disruptive interference on 
recognition. 
Overall, the testing and development of the RMR conjecture will benefit 
strongly from further investigation of the precise underlying mechanisms of the 
regeneration process. Specifically, in the context of music, future studies could 
investigate which musical features are commonly remembered immediately, which 
features can be regenerated, and which features are irretrievably ‘lost’.  
 
Future Directions Outside the Domain of Music. The implications of the 
present findings and the RMR conjecture are not specific to the domain of music. 
One intriguing prediction of the RMR conjecture is presented in Chapter 2 words 
written in longhand should induce more memory representations than the same 
words written in plain printed letters. This is because readers track the direction as 
well as mode of production of words written in longhand (Babcock & Freyd, 1988; 
Knoblich et al., 2002; Tse & Cavanagh, 2000). As a result, the RMR conjecture 
predicts that readers not only form a memory representation of the integrated 
meaning of the word, but also of the underlying components that are unique to a 
specific style of longhand. These multiple representations should provide words 
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written in longhand with resilience towards cumulative disruptive interference when 
compared to words written in plain print. This prediction is precise and falsifiable, 
and is analogous to the observations of cumulative disruptive interference in 
response to photographs, but not drawings (Berman et al., 1991; Friedman, 1990a; 
Konkle et al., 2010).  
The link between prior experience, perception, and formation of new 
memories provides a framework to make predictions about domain-specific 
expertise. The RMR conjecture suggests that high domain-specific expertise is often 
associated with changes of perception relative to low domain-specific expertise. For 
example; an architect can accurately identify and perceive combinations of 
architectural styles that may be irrelevant for a normal perceiver; a botanist is 
capable of identifying differences between plant species that are perceptually 
invisible for uninformed observers; and an entomologist can distinguish species that 
would be labelled identically by normal observers. Some of these changes in 
perception occur rapidly after being exposed to key information, whereas others 
require years of training. For example, Asian and African elephants can be hard to 
differentiate. However, if one is informed that Asian elephants have two bumps on 
their heads whereas African elephants have one, you can easily distinguish the two 
species from one another. As a result of this newly acquired knowledge, perception 
changes in the future and future memory representations of elephants are enriched 
with the information of whether an elephant was African or Asian. This additional 
memory representation then aids memory formation. For example, if someone asks, 
‘How many bumps did the elephant that you saw earlier have on its head?’, one’s 
visual memory representation might have faded beyond the point where one can 
	 
  
210 
remember the exact number of bumps. However, the perceiver may still remember 
that they saw an Asian elephant, which can help ‘regenerate’ the information that the 
elephant had two bumps. In this example, a small piece of information changes 
perception and, subsequently, the formation of new memory representations. 
Other changes in perception might require intense training. Learning to 
perceive and produce pronunciation differences in an unfamiliar language, for 
example, can take a long time (Browman & Goldstein, 1995; Escudero & 
Chládková, 2010). In the framework of the RMR conjecture, the above examples are 
linked by the fact that additional experience (instructed or learned over long 
exposure) changes perception. The RMR conjecture assumes that these additional 
precepts form additional memory representations that increase resilience to 
cumulative disruptive effects. Domain specific expertise can increase memory 
performance; however, it is important to note that the increased resilience toward 
intervening items is independent of overall memory performance. 
On a general note, when investigating memory in multiple domains it is 
tempting to conduct cross-domain comparisons of absolute memory performance. 
However, such comparisons should be conducted with care. For instance, cross-
domain memory performance comparisons are difficult at best, mostly because what 
is being remembered can be of a dramatically different form and involve different 
modalities (Cohen, Horowitz, & Wolfe, 2009, Cohen, Evans, Horowitz, & Wolfe, 
2011). This is one advantage of investigating fundamental memory phenomena (such 
as recency-in-memory and cumulative disruptive interference), as they contain both 
qualitative and quantitative features, rather than purely quantitative as in absolute 
memory performance. The presence or absence of specific and fundamental memory 
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phenomena (such as recency-in-memory, and cumulative disruptive effects) can 
reasonably be compared between domains. 
Stepping away from the RMR conjecture and intervening item effects, we 
now explore a broader, more practical perspective on the implications of the current 
findings. 
 
6.1.4 Practical Implications of the Dissertation 
Implications for Listeners’ Similarity in Music Perception. Within the 
visual domain, memorability of pictures appears to be a stable property across human 
observers. In other words, visual pictures that are more memorable for one person 
are also most likely more memorable for another person (Isola et al., 2011). Within 
the domain of music, we know that a culture without music is yet to be found (Cross, 
1999, 2001, 2014). Clearly, different listeners perceive music quite differently. For 
example, in Chapter 3 we demonstrate the profound influence that listeners’ 
familiarity with a tuning system can have on fundamental memory phenomena, and 
there is a wealth of research investigating the fascinating differences in the music 
traditions between different cultures (Stevens, 2012; Stevens, Tardieu, Dunbar-Hall, 
Best, & Tillmann, 2013). So, how similar is human perception of music? We 
investigated this question in the context of memory using the combined data of all 
participants from all experiments. Following from the RMR conjecture that assumes 
a crucial link between prior knowledge, perception, and memory formation, we 
assume that the more similar listeners’ memory response patterns are, the more 
similar their perception of the stimulus must have been. We correlated the response 
patterns of the participants towards the set of melodies in each experiment. Through 
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the procedure detailed in Chapter 5 we obtained average split-half correlations for 
each set of melodies. These values represent inter-rater agreement and are a proxy of 
how stable mean values of memorability and perception of the melodies are across 
listeners. Split-half correlation values for each melody set were separately obtained 
here. This allowed us to investigate how different properties of each melody set 
affects memory stability between participants’ responses. 
We found that a set of melodies composed in the spirit of modern 
advertisement melodies (Experiments 1 and 2) produced remarkably high average 
split-half correlations. Interestingly, another melody corpus (Experiment 3) of 
European folk songs in the same familiar tuning system yielded far lower average 
split-half correlations. This suggests that different melody corpora can lead to 
substantially different degrees of similarity in listeners’ music perception, even if 
both corpora use melodies in the same familiar tuning system. Furthermore, 
Experiment 8 was a direct replication of Experiment 7. Both Experiments yielded 
similar average split-half correlations. This demonstrates the degree of similarity in 
listeners’ response patterns is relatively stable and replicable across experiments with 
the same melody corpus. Interestingly, average split-half correlations did not change 
significantly when melodies from European folk songs (Experiment 3) in a familiar 
tuning system were played in an unfamiliar tuning system instead (Experiment 5). 
This suggests that possible contributors to the degree of agreement between human 
listeners may be invariant to the tuning system; for example, contour and rhythm. 
Some insight into possible contributors to the degree of agreement between 
human listeners was found in the average split-half correlation analysis of the 
experiments presented in Chapter 4 Experiment 8 used a corpus of melodies in an 
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unfamiliar tuning system consisting, as melodies usually do, of pitch-sequences and 
rhythm-sequences combined. When Experiment 8 and Experiment 10 tested the 
sequences individually, the rhythm-sequences showed far higher average split-half 
correlations compared to the pitch-sequence. Combined with the finding that the 
exact tuning system has only minimal impact on the listener’s agreement, this 
suggests that the rhythmic sequences may be a major contributor to the similarity of 
melody memorability across listeners. Another interesting observation was that the 
summed average split-half correlations of the pitch-only and rhythm-only sequences 
fell well short of the split-half correlations of the melodies that consisted of both 
sequences combined. This suggests exciting interactions between pitch-sequences 
and rhythm-sequences that may increase listeners’ agreements. These interactions, as 
well as the role of rhythmic sequences, carry further practical implications. 
 
Practical Implications for Memory Research. One of the practical 
implications for memory research to emerge from this dissertation is the technique 
developed to account for participants’ response tendencies. Accounting for 
participants’ response biases is challenging. Static response biases are often 
encountered and widely discussed in the memory literature (Snodgrass & Corwin, 
1988). However, participants also have the tendency to dynamically change their 
response biases over the course of an experiment (Berch, 1976; Donaldson & 
Murdock, 1968). These dynamic tendencies are far less often accounted for in the 
statistical analysis. This is an issue, because if we only account for each participant’s 
static response bias then we are misrepresenting the participant’s actual recognition 
performance as their response bias at the beginning and the end of the experiment 
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might be dramatically different. With the dynamic response tendency models (see 
2.4.1) we provide a participant-wise, simple, intuitive, and easy to implement 
solution to capture and account for the shifts of participants’ response biases over the 
course of an experiment. Fundamentally, the dynamic response tendency models 
normalise hit-rates over false-alarm rates continuously over the course of the 
experiment and for each participant individually (Snodgrass & Corwin, 1988). An 
example of dynamic response tendency shifts can be found in Appendix C, p. 261. 
Importantly, the approach is not limited to our data, but is also applicable to any 
experiment that faces potential shifts in response biases with increasing trial number. 
 
Practical Implications for Predictive Models. Predicting memory, 
specifically recognition, rather than explaining it post-hoc, is a complex endeavour. 
A common approach uses stimulus features to predict average recognition 
performance (Cortese et al., 2010; Müllensiefen & Halpern, 2014). Some of the 
difficulties in constructing a predictive feature model lie in the selection of precise 
features to focus on, as well as the fact that recognition is influenced by factors that 
are not inherent to the stimulus (Cuddy et al., 2012; Gardiner et al., 1996; Herff & 
Czernochowski, submitted; McAuley et al., 2004; Samson et al., 2009). The results 
of this dissertation suggest that models attempting to predict melody recognition 
performance based on musical features should pay special attention to features 
representing rhythmic information; features that model the interaction of pitch-
sequences and rhythm-sequences may be particularly informative. Musical features 
that represent tuning system information, on the other hand, may carry less predictive 
power. Interestingly, in IDyOM (Pearce, 2005) – a computational model of music 
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perception that uses a short-term memory component (e.g. a musical sequence) and a 
long-term memory component (e.g. an underlying corpus) – a melody in an familiar 
tuning system is computed to comprise the same short-term memory information 
content as an identical melody but sounded in an unfamiliar tuning system. Only the 
long-term memory component would differ between these two versions of a melody. 
The present results therefore suggest that when researchers are interested in 
predicting memory for melody, IDyOM’s short-term component may be a useful 
tool. 
Our present results may also help in approximating how useful a musical 
feature model would be in the first place. Supposedly, melody recognition is 
influenced by factors that are similar between subjects, such as musical features, and 
factors that vary severely between listeners, such as musical expertise. Stimulus 
feature models make use of the factors that are relatively invariant between 
observers. As a result, Flexer and Grill (2016) suggest that the degree of overlap 
between participants’ response patterns towards a set of melodies informs models 
that predict listeners’ responses based on musical features. In other words, the more 
similarly participants behave, the more likely it is that musical features carry a lot of 
predictive power in relation to the variation between participants, whereas the more 
dissimilarly participants’ behave, the more likely it is that the predictive power of 
musical features is relatively limited. In Chapter 5 we implemented a method of 
measuring average split-half correlations in participants’ responses for each melody 
corpus and investigated how these values approximate similarity between 
participants’ response patterns. Consequently, this method also has the potential to 
inform the predictive power of musical feature models. Within the domain of music, 
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we demonstrated that the potential predictive power of musical feature models varies 
dramatically between melody corpora. The results of Chapter 5 also suggests that 
future predictive models of melody recognition should focus on features that 
represent the interaction of pitch and rhythm, rather than treating those components 
independently, as well as features that are independent of tuning system.  
Note that the variance of an individual’s recognition performance with 
melodies was not included in the split-half correlations discussed, which concerned 
average performance patterns. However, just as a predictive model can be made of 
average performance patterns with a likely success that depends on the degree of 
inter-personal similarity in response, so a predictive model could be made of 
individual variances for individual melodies. Whether the present findings translate 
to such variance-based models awaits further investigation. 
 
Stimulus Selection Procedure. To adequately represent a huge underlying 
corpus of European folk songs we used a mixed methods approach. The approach is 
detailed in Appendix B (p. 250) and describes the combination of feature- and cluster 
analysis, as well as perceptual piloting. Fortunately for us, we live in a time where 
tremendous numbers of stimuli are easily accessible. Where previous researchers had 
to manually gather melodies, we now have huge melody corpora such as KernScores 
and the Million Song Dataset (Bertin-Mahieux, Ellis, Whitman, & Lamere, 2011; 
CCARH; Sapp, 2005). Stimuli are increasingly drawn from stimulus corpora, often 
randomly to adequately represent the underlying corpus. Unfortunately, depending 
on which stimulus factors one is interested in, one would need to draw a very large 
number of stimuli from the underlying corpus to provide an adequate distribution 
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within the factor that you are interested in. This is particularly true if you attempt to 
represent the underlying corpus in regards to multiple underlying dimensions. 
However, testing large numbers of stimuli in an experimental study is often not 
feasible. More concretely, in the present study we required a sample of ~100 
European Folk melodies, shorter than 15 seconds, and unfamiliar to our Australian 
participants. We wanted these 100 melodies to adequately represent the underlying 
melody corpus to maximise generalizability of our results. To achieve this, we placed 
all melodies in a multi-dimensional space, where each dimension represents a 
potential factor of interest (musical features in our case). We excluded melodies that 
dropped out by a limiting criterion, in our case, longer than 15 seconds. We then 
performed dimension reduction and cluster analysis, all detailed in Appendix B (p. 
250), and drew our actual stimuli from the underlying clusters proportional to cluster 
size. In the next step, we recruited a group of participants to perceptually test if the 
melodies are indeed perceived as unfamiliar. To this end, we identified the response 
distribution that a group of participants would give to an unfamiliar melody. We then 
compared the response distribution of each melody towards this prototype 
distribution and removed any melody that was significantly different. While this 
approach may seem lengthy and complicated, it ensures that a sample of stimuli 
drawn from an underlying corpus possesses the assumed properties.  
We hope that the detailed description in Appendix B (p. 250) might serve as 
guide to help others in drawing a stimulus sample from an underlying corpus, whilst 
ensuring specific properties of the sample. Of course, there are other possible 
approaches to achieve the same outcome; however, Appendix B (p. 250) provides a 
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relatively easy-to-follow, yet rigorous approach that can be adjusted to the specific 
needs of a given experiment. 
Finally, one of the main possible contributions of this dissertation is the data 
itself. In the process of the aforementioned stimulus selection procedure, we 
implemented several routines to calculate various musical features. Therefore, the 
musical feature calculation plus the complete memory dataset, in conjunction with 
the practical and theoretical implications outlined above, all combine to provide a 
promising foundation for future in-depth exploration of mathematical models 
capable of using musical features to predict memory for melodies. We intend to build 
such models in the future using the insight and data provided here. 
 
6.2 General Conclusion 
Within the interdisciplinary space between memory and music, we 
investigated interference in memory and the issue of memory’s domain specificity. 
We showed that memory for melodies in a familiar tuning system is resilient to 
cumulative disruptive effects from the number of intervening items, whereas most 
other stimuli show systematic decreases as the number of intervening items 
increases. We provide an explanation in the form of a novel Regenerative Multiple 
Representations (RMR) conjecture that emphasises a crucial link between prior 
experience, perception, and subsequent formation of memories. This conjecture 
provides clear predictions, for example: (1) that melodies in unfamiliar tuning 
systems, rather than familiar tuning systems should show cumulative disruptive 
effects; (2) that a profound memory phenomenon such as the recency-in-memory 
effect can be disrupted if we prevent formation of an integrated memory 
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representation of the melody as a whole; and (3) that when an integrated stimulus 
shows cumulative disruptive interference, then so must its underlying parts. We 
tested and supported all of the above predictions, thereby demonstrating that the 
RMR conjecture is a useful tool to build predictions for future research to consider. 
Several additional testable predictions of the RMR conjecture are provided 
throughout this dissertation and the conjecture awaits further testing and 
mathematical implementation to evolve into a comprehensive theory.  
Here, we also explored similarity between the memory response patterns of 
human listeners when performing a memory for melody task. Results reveal 
significant interactions between rhythmic sequences and pitch sequences of melodies 
that increase the similarity between listeners’ responses. In addition, we provided a 
basic stimulus selection protocol to draw stimuli from an underlying corpus in a 
principled fashion, as well as implemented a procedure to reveal the likely predictive 
power of models using stimulus features to predict memory performance within a 
given stimulus corpus.  
In summary, the present dissertation conducted a systematic investigation of 
memory for melody and in the process, has contributed to our understanding of 
fundamental memory phenomena, provided practical implementations, and 
ultimately, has shed further light on the mechanisms that explain why music may 
indeed be ‘special’. 
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Appendix A: Representative Examples of Melodies used in Experiments 1-
4 
Experiments 1 and 2 
   
Experiments 3 and 4 
 
 
Figure A.0.1: Representative Examples of the Melodies used in Experiments 1 to 4 
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Appendix B: Creating and Validating a Corpus of Pre-existing yet 
Unfamiliar Melodies in Experiments 3 and 4 
 
Experiment 1 and 2 used a corpus of newly composed melodies and 
demonstrated that the number of intervening melodies do not influence melody 
recognition. However, this result is potentially limited to the melody corpus used in 
these experiments. Experiment 3 served as the basis of an extensive stimulus 
selection procedure to extend these results to a corpus of pre-existing but unfamiliar 
melodies. A very large set of European folk songs was mathematically analyzed and 
perceptually tested in an experiment in order to create a heterogeneous corpus of 
melodies that convincingly represent very common melodies, but are unfamiliar for 
Australian listeners. The general procedure followed a protocol of placing all 
melodies in a multidimensional space, identifying clusters of similar melodies, 
randomly drawing melodies in proportion to cluster size from the clusters, and 
perceptual testing of the melodies. 
 
Originating Melody Corpus and Musical Feature Analysis 
The melody corpora used in this experiment derives from the European folk 
song portion of the KernScores data base (Sapp, 2005) (through 
http://kern.ccarh.org/cgi-bin/browse?l=essen/europa). It consists of 8,397 melodies 
and was chosen to due to easy accessibility, its monophonic midi format, and its 
relative unfamiliarity to Australian listeners. Melodies longer than 15 seconds were 
discarded using a custom Max MSP patch (Cycling74, 2014). The MIDI Toolbox 
(Eerola & Toiviainen, 2004a; 2004b, p. 96) for MatLab, FANTASTIC 
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(Müllensiefen, 2009, p. 37),  for R (R-Core-Team, 2013) were used to analyze the 
remaining 2194 melodies regarding their musical features. Melconv, a Windows 
command line program by Frieler, was used to convert the files in the mcsv format 
required by FANTASTIC. A total of 39 files needed to be deleted, as they were 
corrupted and not readable by FANTASTIC. A summary of the 2155 remaining 
melodies’ number of notes, pitch range in semitones, and duration can be seen in 
Table B.0.1.  
 
Table B.0.1: Summary of the 2155 melodies analyzed.  
 Number of Notes Pitch range  Duration (s) 
Mean 35.69 7.96 10.95 
SD 9.58 1.84 2.41 
 
For an overview of the 100+ musical features analyzed, please refer to the 
documentation of the MIDI Toolbox (Eerola & Toiviainen, 2004a)(p.96) and 
FANTASTIC (Müllensiefen, 2009)(p 37). Furthermore, several additional musical 
features analyses were self-implemented in MatLab.  
 
Maximum pitch autocorrelation. A melody is a time series, thus its 
autocorrelation can be measured (Dean, Bailes, & Dunsmuir, 2014; Dean & 
Dunsmuir, 2015). Graphically, this feature duplicates a melody and measures the 
correlation between the two duplicates for every possible lag. The highest pitch 
autocorrelation is then returned. This feature can be seen as a rough estimate of 
repetitiveness of a melody. 
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Dean Tonality. In addition to the measurements of tonality provided by 
FANTASTIC and the MIDI Toolbox, we implemented an estimate of ‘tonalness’ as 
suggested in (Dean, Bailes, & Drummond, 2014). Basically, this form of tonality is 
defined as the ratio of tonal to non-tonal intervals where intervals of minor seconds, 
augmented fourth, and major seventh are considered non-tonal. 
 
Pitch class balance and evenness. Rhythms and scales can be described as 
coordinates around a circle (e.g., in form of a complex vector) (Milne, Bulger, Herff, 
Sethares, 2015; Milne, Herff, Bulger, Sethares, Dean, 2016). The zeroth and first 
coefficient of the discrete fourier transformation of this representation can be used to 
calculate the balance and evenness, respectively. Balance describes the extent to 
which a scale or rhythm resembles a perfectly balanced rhythm, that is one whose 
geometrical representation has its center of mass in the middle of the circle. 
Evenness describes the extent to which a scale or rhythms resembles perfect 
evenness, that is the geometrical representation has identical step sizes between all 
events (Milne, Bulger, et al., 2015). 
 
Stimulus Reduction, Dimension Reduction, and Cluster Analysis 
An amount of 2155 melodies is too many to present to one participant in a 
behavioural experiment. Therefore, data pre-processing was conducted to select a 
representative subsample. To create a representative sample of the 2155 melodies, 
the melodies were placed in an n-dimensional space, where n is the number of 
musical features, in order to identify clusters of similar melodies that can be used as 
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the basis of a random stimulus selection. Due to the large number of musical features 
computed (over a hundred, some containing co-linearity), a principal component 
analysis was used in order to reduce the dimensions. A 2500 data sets Monte Carlo 
Simulation with a 95% confidence level was calculated to estimate the number of 
underlying components. A permutation approach was chosen, as there is no reason to 
believe that all musical features of the melodies follow a normal distribution. This 
approach generates numerous permutations of the given data, runs a principal 
component analysis for each of them, and compares them to the principal 
components of the real data. This allows identification of the number of statistically 
significant principal components. The simulation was conducted using a syntax 
provided by O'Connor (2000).  
The first 21 components provided a significant result. This 21-component 
solution showed a Kaiser-Meyer-Olkin measure of .796 (Bartlett's sphericity < .001 
and a maximal correlation between two components of .244. Literature suggests that 
orthogonal rotations can be used when no correlation is bigger than .32 (Tabachnick 
& Fidell, 2012) p. 646) but we chose the conservative approach and used an oblique 
rotation. A solution converged after 55 iterations using direct Oblimin Rotation 
(Clarkson & Jennrich, 1988). Single factor interpretability was not required for the 
purpose of this stimulus selection procedure. The score on every principal 
component was calculated for every melody in order to cluster the melodies in this 
new reduced dimension space. 
Using any kind of Euclidean distance resulted in one big cluster, regardless of 
the linkage method or whether Akaike's Information criterion or Schwarz's Bayesian 
criterion was used. When reduction in Log-likelihood was implemented as distance 
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measurement, a nine-cluster solution with fairly low separation (average silhouette 
measure of cohesion and separation = .01) and a smallest to biggest cluster ratio of 
2.587 emerged. This result is not surprising as the corpus consists of purely 
European Folk songs, predominantly of German derivation. The statistics would 
allow us to treat the corpus as one big cluster. However, in order to produce a 
representative subsample, melodies were randomly drawn out of each cluster.  
The number of melodies drawn was determined by the aim of the study. In 
this case, 110 melodies were drawn, later to be used in the behavioural Experiments 
3 and 4. This number was identified to satisfy the following requirements. Firstly, 
being twice the amount of melodies used in Experiment 1 and 2, the remaining 
corpus would still be big enough to be useful for further experiments in case some 
melodies were identified to be perceptually familiar. Secondly, 110 melodies can 
easily be tested in an hour or less, thus making the experiment more tolerable for 
participants. Thirdly, relative cluster size determined the amount of melodies drawn 
from each cluster and 110 was a number that allows this procedure to resolve. A 
summary of the 110 melodies' properties can be seen in Table B.0.2. When one 
compares Table B.0.1 and Table B.0.2, it is clear that the subsample reasonably 
represents the underlying corpus. 
 
Table B.0.2: Summary of the 110 melodies drawn from the 9 underlying clusters in the corpus. 
 Number of Notes Pitch range  Duration (s) 
Mean 35.26 7.93 10.86 
SD 10.81 2.07 2.27 
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As seen in Table B.0.3, the 21 underlying components that were shown to be 
significant by the principal component analysis conducted earlier, explained 70% of 
the variance in all melodies.  
Table B.0.3: Percentage variance explained by 21 components identified to be significant by the 
Monte Carlo simulation. 
Component  % of variance explained  Cumulative %  
     1 11.921  11.921  
     2 9.250  21.171  
     3 6.684  27.598  
     4 5.826  33.424  
     5 4.163  37.587  
     6 3.523  41.109  
     7 3.157  44.266  
     8 2.899  47.165  
     9 2.530  49.696  
    10 2.264  51.960  
    11 2.138  54.098  
    12 2.087  56.185  
    13 2.085  58.270  
    14 1.829  60.099  
    15 1.742  61.841  
    16 1.664  63.505  
    17 1.513  65.018  
    18 1.482  66.500  
    19 1.393  67.893  
    20 1.339  69.232  
    21 1.207  70.439  
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Perceptual Validation of the New Corpus 
A behavioural experiment was designed to identify and exclude melodies in 
the corpus that evoke atypical perceived familiarity distributions or response 
tendencies in the target population of Australian listeners. 
 
Participants. Twelve participants (Mage = 33, SDage = 12.5) from a 
heterogeneous musical background at the University of Western Sydney were invited 
this perceptual experiment.  
 
Procedure. After signing a consent form, participants were instructed that 
they would hear one melody after another through a pair of headphones. After every 
melody they were required to indicate 'How familiar is this melody?' on a 100-point 
click- and slideable vertical visual analog scale (Freyd, 1923). The scale had an 
'unfamiliar' label at the bottom and a 'familiar' label at the top and was presented at a 
length of 10 cm on a MacBook Pro Retina display. The response could be changed 
during and after stimulus presentation but was logged in as soon as the participant 
clicked 'Next Melody'. The 'Next Melody' button was only functional after the 
melody was presented to ensure that participants listened to the entire stimulus. The 
110 melodies were presented in 220 trials, as every melody occurred a second time 
throughout the experiment after a random number of intervening melodies. Note that 
participants were not informed about the melodies' reoccurrence throughout the 
experiment. This experiment used the same continuous recognition paradigm with 
two presentations of each melody as all the other experiments, even though only 
responses towards the first presentations were analyzed to test initial perceived 
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familiarity of the melodies in the subset. The reason why a paradigm with second 
occurrences was used is twofold. Firstly, a close replication of the paradigm reduces 
potentially unpredictable task effects. Secondly, the data of this validation study can 
later be compared to a planned and conducted experiment that investigates the effect 
of intervening melodies on perceived familiarity (Experiment 4).  
 
Results 
In a first step, melodies that showed a different distribution of perceived 
familiarity responses to their first occurrence across participants compared to all 
other melodies were removed from the sample. This step was performed by using a 
non-parametric Kolmogorov-Smirnov test in order to compare the distribution of 
every melody with the distribution of all melodies minus that melody. One could 
argue that the alpha-error level should be adjusted as a result of the huge amount of 
direct comparisons; however, a beta error would be more severe than an alpha error 
during this stimuli selection process. This is because the purpose of this analysis was 
to remove melodies that might be perceived as familiar and the null hypothesis 
assumed the response distributions to be identical. A conservative approach was 
chosen by removing all melodies on a .05 alpha-error level.  
Using this method, 12 melodies were removed based on the data given by the 
participants. Figure B.0.2a shows the distribution of responses to the first occurrence 
of all melodies. Compare Figure B.0.2b to see the distributions of the 12 removed 
melodies. A summary of the remaining 98 can be seen in   
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Table B.0.4. 
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a) Average response distribution towards unfamiliar melodies 
 
b) Average response distribution towards the 12 significantly different melodies 
 
Figure B.0.2: Average response distribution of perceived familiarity towards unfamiliar melodies. 
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Table B.0.4: A summary of the 98 melodies remaining after the mathematical and perceptual analysis. 
 Number of Notes Pitch range  Duration (s) 
Mean 35.26 7.93 10.86 
SD 10.81 2.07 2.27 
 
 
Discussion 
An exhaustive procedure for stimulus selection is presented in Experiment 3. 
A large pre-existing melody corpus that was unfamiliar to the tested cohort was 
mathematically analyzed. The melodies were clustered on the basis of more than a 
hundred musical features. Melodies were randomly drawn from the clusters to 
adequately represent the initial corpus. These melodies were then subjected to a 
perceptual test. Melodies that showed response distributions of perceived familiarity 
that were significantly different to the mean distribution of novel melodies were 
excluded from the corpus. The result is a mathematically and perceptually tested 
corpus of melodies that are unfamiliar to Australian listeners, while still reflecting 
common, pre-existing melodies of the Western tonal tradition. This set of melodies 
will be used in the following experiments to further investigate the number of 
intervening melodies in melody recognition. All melodies can be found in midi form 
in the online supplement S1-Stimuli.zip.  
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Appendix C: Results from the Dynamic Response Tendency Analysis in 
Chapter 2 
 
Participants’ response tendencies can change over the course of an 
experiment. In the main statistical analyses presented throughout the paper, any 
shifts in response tendencies were taken into account by building Dynamic Response 
Tendency models that predict the baseline tendency (which is a bias) for each 
participant to press ‘old’, and how this tendency changes throughout the experiment. 
To do this, a generalized mixed effects model was trained to predict ‘old’ responses 
on first melody presentations (False Alarms) based on trial number. The resultant 
Dynamic Response Tendency models were then used to predict the tendency 
(probability) of pressing ‘old’ on second melody presentations, for each participant 
and trial. The predictions of the models were then included as a fixed factor in the 
main statistical analyses. Effectively, the procedure corrects participants’ responses 
with the to-be-expected false alarm rate for that particular trial in a given participant. 
This is analogous to common methods of adjusting participants’ responses depending 
on false alarm rates, however, here we extend this correction dynamically over the 
number of trials (Snodgrass & Corwin, 1988). Results of Dynamic Response 
Tendency models are summarized here: Experiments 1, 2, and 4 did not exhibit 
significant response tendency shifts (all coefficients p-values > .20). However, 
Experiment 3 did show significant dynamic response tendency shifts over the course 
of the experiment (p < .001, coefficient = 2.59). As can be seen in Figure C.0.3, the 
average probability of producing false alarms increased in Experiment 3 as trial 
numbers increased.  This is likely due to the design of Experiment 3’s continuous 
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recognition task, which presented nearly twice as many trials as Experiments 1 and 
2.  
 
Figure C.0.3: Average dynamic response tendency shift in Experiment 3. The graph shows how the 
probability of producing a false alarm increased with trial number. The dynamic response tendency 
shift was controlled in the statistical analyses and implemented as a predictor in the mixed effects 
models reported in the main Results sections. The grey area around the prediction line represents a 
95% confidence interval. 
 
For comparison, Figure C.0.4 shows uncorrected hit rates in Experiment 1 and 
Figure C.0.5 shows uncorrected hit rates of Experiment 3. 
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Figure C.0.4: Uncorrected hit rates in Experiment 1. In our analysis, we corrected the hit rates to 
capture and account for participants’ response biases, as well as potential shifts of these response 
biases over the course of the experiment. 
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Figure C.0.5: Uncorrected hit rates in Experiment 3. In our analysis, we corrected the hit rates to 
capture and account for participants’ response biases, as well as potential shifts of these response 
biases over the course of the experiment. When comparing Figure C.0.5 with Figure 2.8, performance 
appears better in the uncorrected hit rates and performance seems to significantly increase over the 
course of the experiment. However, this is due to systematic response-tendency shifts (see further 
detail in Appendix C). When the analysis takes these response-tendency shifts into account, then 
performance is stable across all intervening item conditions (cf. Figure 2.8). 
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Appendix D: Cosine Dissimilarity 
 
 
Figure D.0.6: Cosine Dissimilarity between 12-Tone-Equal-Termperament (or 100 Cents-Equal-
Temperament) tuning system familiar to most Western listeners and different Cents-Equal-
Temperament tuning systems. 88.08-CET shows the maximum dissimilarity with 12-TET. 
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Appendix E: Pilot Data of a High Musical Expertise Group 
 
 
 
Figure E.0.7: Average hit rates and false alarm rates for a high musical expertise group (N = 14, more 
than 8 years of formal training) in Experiment 5 (0, 1, 2, 3, 4, 7, and 13 intervening melody 
conditions). In this experiment, a high musical expertise group performed a continuous recognition 
task with melodies in an unfamiliar tuning system. Error bars represent a 95% confidence interval. 
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Appendix F: General Participant Information Sheet 
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Online Supplement 
 
The Online Supplement S1-Stimuli.zip contains the stimuli of all 10 
experiments and can be accessed through:  
http://www.dynamictonality.com/memory_for_melody_data/S1_Stimuli.zip 
 
